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Since 1973, a research project on webs for cold-formed steel
flexural members has been conducted at the University of Missouri-Rolla
under the sponsorship of American Iron and Steel Institute. This study
deals with the structural behavior of beam webs subjected to bending
stress, shear stress, combined bending and shear, web crippling and the
effect of bending on web crippling load. In addition, it includes a
study of beam webs reinforced by either transverse or longitudinal
stiffeners.
This report presents the research findings on web crippling and
combined web crippling and bending for cold-formed steel beams having
unreinforced webs. The results obtained from the study of beam webs
subjected to other types of stress and the combinations thereof are
presented in some other reports of the University of Missouri-Rolla
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I. INTRODUCTION
A. General
Since early 1940s, thin-walled cold-formed steel structural members
have been widely used in the United States and abroad. In general,
such members provide many advantages in building construction such as
favorable strength to weight ratio and ease of prefabrication and
mass production(l,2)
In the United States and some other foreign countries, the design
of cold-formed steel structural members is based on the Specification
issued by American Iron and Steel Institute (AISI) (3). For the design
of beam webs, Sections 3.4 and 3.5 of the AISI Specification provide
the design criteria for shear stress, bending stress, combined bending
and shear stresses, and web crippling. The reasons behind, and justifica-
tion for the various provisions of the Specification are discussed by
Dr. Winter in his Commentary on the 1968 Edition of the AISI Specifica-
tion (4).
During the past decade, numerous new types of cold-formed steel
sections have been developed for use j~ bUilding construction and
other purposes. The design of such unusual shapes may be beyond the
original scope of Sections 3.4 and 3.5 of the Specification. For
these reasons, a research project on "Webs for Cold-Formed Steel Flexural
Members" was initiated in 1973.at the University of Missouri-Rolla under
the sponsorsh~p of the American Iron and Steel Institute to study
the strength of beam webs subjected to bending stress, shear stress,
crippling load and combination thereof.
2The structural behavior of cold-formed steel beam webs in bending,
shear and a combination of bending and shear was studied by LaBoube
as the first phase of this overall project on beam webs. His findings
on these three areas were summarized in Refs. 5 to 8. This report deals
with the investigation of web crippling and a combination of web
crippling load and bending moment. The beam webs considered in this
portion of the study are named "unreinforced webs" because stiffeners
are not used.
B. Purpose of Investigation
The purpose of the investigation reported herein was to study the
structural behavior of cold-formed steel beam webs subjected primarily
to web crippling load, and a combination of web crippling load and
bending moment. It was intended to use the research findings for
possible development of new or modified design criteria as necessary
and to extend the hit ratio of web elements beyond the limitation
presently included in the AISI Specification.
C. Scope of Investigation
This study consisted of analytical and experimental investigations
of the structural behavior of cold-formed steel beam webs under web
crippling load, and a combination of web crippling load and bending
moment. The beam webs considered ih this portion of the investigation
are unreinforced elements without any stiffeners.
As the first phase of this investigation, the available technical
publications and research reports relative to the behavior of web
elements subject to edge loading have been reviewed in detail. Section
II contains a summary of such a literature survey.
3The research findings obtained from the analytical and experimental
;~vestigations of beam webs subjected primarily to crippling load are
discussed in Section III. The experimental results of the combined
web crippling ana bending moment are presented in Section IV. Finally,
Section V contains the conclusions and design recommendations.
4II • REVIEW OF LITERATURE
A. General
Numerous publications and research reports have been carefully
reviewed in the initial phase of this investigation. They are relating
to the previous analytical and experimental studies of the strengths
of web plates subjected primarily to web crippling load, and a combination
of web crippling load and bending moment. In addition, the current
design criteria being used in the United States, Canada, France,
Great Britain and Sweden have been studied in detail.
B. Strength of Beam Web Elements Concerning Web Crippling
B.l Web Crippling Load
The buckling problem of a simply supported, rectangular plate
compressed by two equal and opposite concentrated forces as shown in
Fig. 1 has been studied by Sommerfeld (9), Timoshenko (10), Hopkins
(11) and Yamaki (12). In 1910, Timoshenko developed an approximate
solution for the critical buckling load. By means of strain energy




in which D is the flexural rigidity of the plate,{Et3/12 (1_~2)}, h is
the depth of the plat~and K is the buckling coefficient which is equal
to 4 for simply supported long plate. If the loaded edges are clamped,
the critical load can also be determined by Eq. (1), except that K is
equal to 8. Because the buckling coefficient K varies with the aspect
ratio Llh, Yamaki (12) summarized the buckling coefficients for
rectangular plates subjected to opposite concentrated loads as shown
in Fig. 2.
5In 1935, the web crippling strength of hot-rolled I-beams was
studied experimentally by Lyse and Godfrey (13). They reported that
the maximum bearing stress in the web under the concentrated load can
be computed by Eq. (2):
f = R![t(N+2k)]p (2)
in which f is the bearing stress, R is the applied load, t is the
p
thickness of web, N is the bearing length, and k is the distance from
the outer face of the flange to the toe of the web fillet of the
rolled section. Eq. (2) is now being used by AISC (14) for interior
loading in the specification for the design of hot-rolled beams and
welded plate girders.
During the 1940s and 1950s, the web crippling problem of cold-
formed steel beams was investigated experimentally and theoretically
at Cornell University by Winter and Pian (15) and Zetlin (16). Test
results of 136 I-beam tests (Fig. 3) were summarized by Winter and
Pian in Ref. 15. Based on their research findings, the following two
formulas have been derived to predict the web crippling load of I-beams
or similar sections, which provide a high degree of restraint
against rotation.
1. For end failure, one-flange and two-flange loading (Figs. 4b
and 4d)
(3)
2. For interior failure, one-flange and two-flange loading
(Figs. 4a and 4c)
P - t 2F (15+3.251N]t>u y (4)
6In Eqs. (3) and (4), P is the web crippling load in kips per web,
u
F is the yield point of steel, Nand t were defined previously.y
For cold-formed steel members having single, unreinforced webs,
such as hat sections, channels and z-sections, experimental investiga-
tion was also conducted at Cornell University. In this second
phase of study, a total of 128 hat sections and 26 U-sections
were tested. Fig. 5 shows the cross sections used in this experimental
program. Based on the test results it was found that the web crippling
strength of single, unreinforced webs depends primarily on N/t, hIt,
R/t and F. Consequently, the following formulas have been derivedy
from the test data for use in the design of cold-formed Steel sections
having unreinforced webs:
1. For end reactions or for concentrated loads on the outer ends
of cantilevers:
a. R/t < 1
t
2F
P = ~3 [1.33-0.33(F /33)] [5450+235(N/t)-1.2(N/t) (h/t)-
u 10 y
0.6 (h/t)]
b. 1 < R/t < 4




2. For reactions of interior supports or for concentrated loads:
a. R/t < 1
t
2F
P =~3 [1.22-0.22(F /33)] [17000+125(N/t)-0.5(N/t) (h/t)-
u 10 y
30(h/t)] (6)
7b. 1 < R/t < 4
(6a)
In the above four equations, P and (p )1 are the predicted ultimate
u u
loads in kips per web.
In addition, the elastic stability of a simply supported plate
subjected to partial edge loading has been studied theoretically by
Zetlin (16) by using the Energy Method. The formula derived by Zetlin
for the web crippling load is given in Eq. (7).
(7)
In the above equation, P is the predicted web crippling load,
cr
L is the length of plate, D is the flexural rigidity of the plate, and
K is a coefficient which depends on the ratio of NIL as shown in Fig. 6.
In 1964, White and Cottingham (17) used the finite difference
technique to compute the buckling coefficient, k, for partially
loaded plates with end reactions that support a substantial length of
the plate. The values of k were presented graphically by White
and Cottingham for seven different loading conditions. The h/L ratios
used in this study ranged from 1/3 to 3.0.
In recent years, the buckling problem of plate girder webs
with transverse stiffeners for partial edge loading was reported by
Rockey,Bagchi and El-gaaly (18-24) in several publications. This
British study showed that the buckling load for a rectangular plate
subjected to partial edge loading can be computed by Eq. (8):
(8)
8in which K' is a nondimensional parameter depending on the ratios of
N/a and a/h, a is the spacing of transverse stiffeners. The value of
K' was computed by the finite element method. Furthermore, the post..
buckling strength represented by the ratio of P Ip has also been
u cr
evaluated. It was found that the relationship between P Ip , N/a,
u cr
and hit can be expressed as shown in Eq. (9):
p Ip = (4.5' + 6.4 N/a)h/t x 10-3
u cr
(9)
More recently, the problem of web crippling has also been studied
experimentally by Baehre and others in Sweden (25,26). Sixty-eight
test specimens on trapezoidal profiled sheets (Fig. 7) have been
studied in the investigation reported in Ref. 25. Based on the
available test data, the following equation has been developed to'
predict. the ultimate web crippling load for single unreinforced webs
subjected to reaction of interior supports or concentrated loads
located anywhere on the span provided that the reaction or load is
at least a distance of 1.5h from the end of the member (25,26):
in which P = ultimate web crippling load per web, N
u
F = yielding point of steel, N/mm2.y
N = actual bearing length except that N shall not be taken
as greater than the width of the web h, rom
R = inside bend radius, rom
t = thickness of web, mm
e = acute angle between web and bearing surface, degree
9As indicated in Refs. 25 and 26, the above equation is applicable
only for the following conditions:
a) hIt ~ 170
b) Rlt ~ 10
c) 50° < e < 90°
It is of interest to note that the slenderness ratio, hIt, of a beam
web is not involved in the determination of the web crippling load as
long as the hIt ratio is within the limit of 170. For end supports,
the ultimate web crippling load may be taken as one-half of the ultimate
web crippling load for interior supports.
B.2 Combined Web Crippling Load and Bending Moment
During recent years, the effect of bending moment on web crippling
load has been investigated by many researchers.
In 1972, the National Association of Home Builders (NARB) Research
Foundation conducted nine beam tests of cold-formed steel channels to
investigate the interaction of bending and web crippling (27,28).
Based on the results of tests, the following interaction formula was
suggested by Ratliff:
(m/M)2 + (P/l.l P )2 < 1.0
max (10)
in which m = actual bending moment, in.-kips; M = allowable bending
moment permitted by the AISI Specification if bending stress only
exists, in.-kips; P = concentrated load or reaction in the presence
of bending moments, kips; and P
max
= allowable concentrated load
or reaction as defined in the AISI Specification, kips.
Eq. (lO)was obtained on the basis of nine tests subjected to the
following conditions:
10
(a) Thickness of the channel sections: 0.050 to 0.076 inches
(b) Yield points of steel: 41.9 to 43.2 ksi
(c) Depth-to-thickness ratios: 93.5 to 143
(d) Aspect ratios of web plate (a/h): 2.75 to 16.24
(e) Bearing length-to-panel length ratios (N/a): 0.03 to 0.19
The subject of combined partial edge loading and bending has
also been studied by Rockey, El-gaaly, and Bagchi (21,23,24). The
test results of 16 beams indicated that the presence of an additional
in-plane bending moment does not significantly reduce the web crippling
load unless the bending moment exceeds 50 percent of the specimen's
ultimate load carrying capacity in bending. Consequently, the following
interaction formula was suggested by Rockey and El-gaaly (21,23,24).
(p /P )3 + (M 1M )3 = 1.0
u uo u uo
(11)
in which P = ultimate partial edge load in the presence of bending,
u
P = ultimate partial edge loading in the absence of bending,
uo
M = ultimate moment in the presence of partial edge load, and M -
u uo
ultimate moment in the absence of partial edge load.
Based on this investigation, Rockey also observed that the shape
of the interaction curve between P IP and M 1M varies with hit ratio
u uo u uo
and that the collapse load ia influenced by the presence of initial
imperfections in the web and flange. It should be noted that in
Rockey's tests, the webs of beam specimens were stiffened by
diaphragms at a spacing of 12 inches. The flange of beam was
stiffened by an angle section. In addition, the specimens were limited
by the following conditions:
11
(a) Thickness of the trapezoidal sections: 0.037 to 0.102 inches
(b) Yield points of steels: 33.33 to 40.52 ksi
(c) Depth-to-thickness ratios: 200 to 250
(d) Aspect ratio of web plates (a/h): 1.0
(e) Bearing length to panel length ratios (N/a): 0.2.
More recently, the structural behavior of cold-formed steel beam
webs subjected to combined web crippling load and bending moment
has been studied extensively in Sweden (25). Based on the test
results, the following interaction formula for combined web crippling
load and bending moment has been developed:
R /R + M 1M < 1.3
exp theo exp theo- (12)
in which R = ultimate load in the test, R h = ultimate load cal-
exp t eo
cu1ated as defined in Section 4.12 of Reference (25), M = ultimate
exp
moment in the test, and M. h = ultimate moment calculated according tot eo
Section 4.11 of Reference (25). Equation (12) provides the background
information for the current S~~dish Code.
C. Current Design Criteria
1. AISI Specification
In Section 3.5 of the 1968 Edition of the AlSI Specification (3),
the maximum allowable concentrated load to prevent web crippling of
beams with hIt ~ 150 is specified as follows:
a. Beams having single, unreinforced webs.
(i) For end reactions or for concentrated loads on outer ends
of cantilevers.
For inside corner radius equal to or less than the thickness of
sheet.
12
P = t Z[98+4.2(N/t)-O.022(N/t)(h/t)-O.011(h/t)]
max
x [l.33-0.33(F /33)](F /33)y y (13)
For other corner radii up to 4t, the value P given by the above
max
formula is to be multiplied by
(1.15-0.15 R/t) (13a)
(ii) For reactions of interior supports or for concentrated loads
located anywhere on the span: for inside corner radius equal to or
less than the thickness of sheet:
P = t 2 [30S+2.3(N/t)-0.009(N/t) (h/t)-O.S(h/t)]
max
x [1.22-0.22(F /33)](F /33)y y (14)
For other corner radii up to 4t, the value P given by the above
max
formula is to be multiplied by
(1.06-0.06 R/t) (14a)
(iii) For corner radii larger than 4t, tests shall be made in
accordance with Section 6 of the Specification (3).
b. For I-beams made of two channels connected back to back or
for similar sections which provide a high degree of restraint against
rotation of the web, such as I-sections made by welding two angles to
a channel.
(i) For end reactions or for concentrated loads on the outer ends
of cantilevers
P = t 2F (4.44+O.S5SIN!t) .
max y (15)
13
(ii) For reactions of interior supports or for concentrated loads
located anywhere on the span
P = t 2F (6.66+1.4461N{t)
max y
(16)
In Eqs. (].3) to(16), P
max
= allowable concentrated load or reaction,
kips. per web, t = web thickness, in., N = actual length of bearing,
in., except that the value of N shall not be taken greater than h,
h = clear distance between flanges measured along the plane of web, in.,
F = yield point, ksi, and R = inside bend radius, in.y
Equations (13)to(16)were derived from the experimental study conducted
by Winter, Pian and Zet1in at Cornell University (15,16).
For the case of combined web crippling load and bending moment,
a recent revision of Section 3.5(a) of the AlSI Specification (33) states
that in the presence of a moment larger .than 0.3 M ,the allowable
max
concentrated load or reaction must be multiplied by the reduction




The 1974 Edition of CSA Standard S136 entitled, "Cold Formed
Steel Structural Members" (29) provides two alternative design methods,
which allow an engineer to use either an allowable stress design or
a limit states design.
2.1 Allowable Stress Design
In Section 5.5.4 of CSA Standard S136-1974 (29), the maximum
allowable concentrated load against web crippling of beams having
hIt < 150 is specified as follows:
a. Beams having single, unreinforced webs:
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(i) For end reactions or for concentrated loads on outer ends
of cantilevers:
For corner radii up to 4t,
P = O.Olt2F (98+4.20N-O.022NH-O.OllH)(1.1S-O.lSn)(4-k)
max y
(17)
(ii) For reaction of interior supports or for concentrated
loads located anywhere on the span:
P = O.Olt2F (30S+2.3N-0.009NH-0.SH)(1.06-0.06n)(3.67-0.67k)
max y
(18)
(iii) For corner radii larger than 4t, tests shall be made in
accordance with Section 8 of Reference 29.
b. For I-beams made of two channels connected back to back or
for similar sections which provide a high degree of restraint against
rotation of the web, such as I-sections made by welding two angles to
a channel:
(i) For end reactions or for concentrated loads on the outer ends
of cantilevers:
P = t 2F (4.44+0.5881N)
max y (19)
(ii) For reactions of interior supports or for concentrated
loads located anywhere on the span:
P = t 2F (6.66+1.4461N)
max y (20)
In Eqs. (17) to (20), P represents the allowable concentrated
max
load or reaction in kips per web, F is the yield point of steel iny
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ksi, N being the ratio of length of bearing to web thickness, H being
the slenderness ratio of web, n is the ratio of inside bend radius
to web thickness, and k is equal to F /33.y
It should be noted that Eqs. (17)to(20)are the same formulas that
are used in the current AI81 design specification for the allowable
concentrated load or reaction.
2.2 L~it States Design
The max~um permissable concentrated loads or reactions for beam
webs having hit S 150 are specified in Section 12.5.4 of eSA Standard
8136-1974 (23) as follows:
a. Beams having single, unreinforced webs:
(i) For end reactions or for concentrated loads on outer ends
of cantilevers:
For corner radii up to 4t,
P = ¢f O.0185t2F (98+4.2N-O.022NH-O.OllH) (1.15-0.15n)max a y
(4-k) (21)
(ii) For reactions of interior supports or for concentrated loads
located anywhere on the span
P = ¢f O.0185t2F (30S+2.3N-O.009NH-O.SH) (1.06-0.06n)
max a y
(3.67-0.67k) (22)
(iii) For corner radii larger than 4t, tests shall be made in
accordance with Section 8 of Reference 29.
b. For I-beams made of two channels connected back to back or
for similar sections which provide a high degree of restraint against
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rotation of the web, such as I-sections made by welding two angles to
a channel:
(i) For end reactions or for concentrated loads on the outer ends
of cantilevers:
(23)
(ii) For reactions of interior supports or for concentrated
loads located anywhere on the span:
In Eqs. (21) to (24), ¢fb and ¢fa are defined as
(24)
performance
factors and are given as 0.67 and 0.75, respectively, in Section 12.1.1
of CSA Standard S136-l974 (29).
2.3 With regard to the case of combined web crippling load and
bending moment, no specific design criteria are included in the CSA
Standard S136-l974.
3. French Specification
In the French design recommendation, two loading categories are
considered (30). The first category of loading concerns with end
reactions, concentrated loads on outer ends of cantileve~s and interior
loads if they are applied at a distance of less than 1.5h from an end
support.
The second category of loading deals with reactions of interior
supports or concentrated loads located anywhere on the span but not
within 1.5h from an end support.
3.1 For loads applied eccentrically to webs:
a. Loads.under the first category
P = t 2F [4+O.l75(1-h/19lt) (N/t+O.5)]
max y
(1.33-0.33F 133)(1.15-0.l5R/t)y
b. Loads under the second category
P = t 2F [7.4+O.096(1-h/256t) (N/t+55.5)]
max y
(1.22-0.22F /33)(1.06-0.06R/t)y
3.2 Loads Applied in the Plane of the Web
a. Loads under the first category
P = t 2F [7.4+0.93IN!tl
max y






In Eqs. (25) to (28), P is the maximum allowable load in kips per
max
web, F is the yield point in ksi, hIt, NIt and R/t have already been
y
defined for the AlSI Specification.
3.3 The French recommendation does not contain the design provi-
sions for a combination of web crippling load and bending moment.
4. British Specification
In the 196Y publication of the British Standard Institution
Specification (31), the beam webs of cold-formed steel members and
beam webs of hot-rolled steel members subjected to concentrated
loads or reactions are limited by the same maximum allowable loads.
5. European Recommendation and Swedish Specification
Sections A6.l5 and A6.l6 of the Appendices of a draft of European
Recommendations on stressed skin design (26) include the following
formulas for the design of steel sheeting with trapezoidal profiles to
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prevent web crippling. These formulas have been developed from the
experimental study of trapezoidal sheets as shown in Fig. 7.
5.1 For trapezoidal sheets under a reaction or concentrated




= 1.8 t Fy (2.8 - 425 Fy)(l-.lvR/t)
(1 + 0.01 N/t)(2.4 + (8/90)2) (29)
In the above equation, P is the ultimate concentrated
w
load in kips per web, F is the yield point in ksi, 8 is the actutey
angle between web and bearing surface in degrees, t is the thickness of
steel sheet in inches, R is the inside corner radius in inches, and
N is the bearing length in inches. This equation is applicable to
a support ~r inside edge of a support) at least a distance 1.5h' from
the end of a sheet, where h' is the width of web element.
If a support (or inside edge of a support) is less than a distance
1.5h from the end of a sheet, the design strength of a single web
shall be taken as one half the value specified in Eq. (29).
5.2 For the trapezoidal sheets subjected to both bending moment
and a concentrated load or reaction:
(i) If P /p* < 0.3, then M/ M* < 1
w w - -




In Eqs. (30) and (31), P
w
is the design reaction or concentrated
load, i.e. the force under the characteristic load times the load
factor y; p* is the design strength of the profile under a reaction or
w
concentrated load, calculated in accordance with Eq. (29); M is the
design moment at a support or under a concentrated load, i.e. the moment
under the characteristic load times the load factor, y; M* is the
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design strength of the profile in bending calculated in accordance with
Section A6-l2 of the European Recommendation on the effective width
of the compression flange in bending (26); R is the actual reaction or
concentrated load based on the factored loads, and R* is the computed,
ultimate reaction or concentrated load on the basis of Eq. (29), and y
is the load factor (26).
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III. WEB CRIPPLING OF BEAMS HAVING UNREINFORCED WEBS
In this section, discussions are concentrated on the strength of
unreinforced beam webs against either web crippling load alone or a
combination of web crippling load and a small bending moment.
Article 111.1 deals with the single, unreinforced webs for channels,
z-sections, hat sections, and similar shapes. Article 111.2 is for
I-sections made of two channels connected back to back or for similar
sections which provide a high degree of restraint against rotation of
the web. In both cases, the experimental studies are discussed in
detail.
111.1 Single, Unreinforced Webs
A. General
In 1950s, the problem of web crippling of cold-formed steel beams
having sing1e,unreinforced webs have been studied analytically and
experimentally at Cornell University by Winter and Zetlin (16,32).
Based on the te~t results, empirical formulas have been developed for
prediction of the web crippling loads. These formulas have been used
for development of the current AISI design criteria. Recently,
additional work has been conducted by Swedish investigators (25) to
study the web crippling loads for hat sections and trapezoidal shapes
with inclined webs. For this series of tests, Rlt : 10 and hit ~ 170.
Since 1974, the web crippling strength of cold-formed steel beams
having unreinforced webs has been studied further at the University
of Missouri-Rolla as a portion of the overall study of web hehavior.
It was intended to develop additional information for a study of the
combined web crippling with bending moment, and for the possible
extension of the hit ratio beyond 150.
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B. Analytical Study
The bearing capacities of beam webs under concentrate loads and
at the locations of interior support and end reaction are governed by
the web crippling strength. The bearing failure of beam webs usually
occurs in the vicinity of the bearing plate at the location of concen-
trated load and reaction.
A theoretical analysis of this phenomenon is extremely complex be-
cause it involves a combination of non-uniform stress distribution
under the applied load, elastic and inelastic instability of the web
element, local yielding in the immediate region of the applied load,
and bending produced by the eccentric load (or reaction) when it is
applied on the bearing flange at a distance beyond the curved
transition of the web. For these reasons the design criteria for
web crippling are based on the empirical formulas, even though some
analytical studies have been made by several investigators for plates
subjected to partial edge loading (12,16,24).
c. Experimental Study
The objective of this experimental study was to determine the
web crippling loads for channel sections having single, unreinforced
webs, and to provide the background information for combined web
crippling with other stresses. In addition, it was intended to extend
the web slenderness ratio, hit, beyond the present limitation of the
AlSI design criteria, if possible. In this study, due consideration
has been given to the web crippling strength affected by the web
slenderness ratio, (hit), bearing length to thickness ratio, (Nit),
corner radius to thickness ratio, (R/t), yield point of steel, (F ),
y
and the thickness of steel (t).
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In this phase of the investigation, 140 specimens with stiffened
and unstiffened flanges were tested for the following four different
loading conditions as shown in Fig. 4:
Interior One-Flange Loading (Fig. 4a)
End One-Flange Loading (Fig. 4b)
Interior Two-Flange Loading (Fig. 4c)
End Two-Flange Loading (Fig. 4d)
The test specimens were fabricated from the channel sections as shown
in Fig. 8. The cross sections of the test specimens are shown in
Figs. 9 to 12. In this series of tests, 38 specimens were conducted
for interior one-flange loading, 42 specimens were for end one-flange
loading, 30 specimens were for interior two-flange loading, and 30
specimens were for end two-flange loading.
All tests were performed at the Materials Laboratory of the Civil
Engineering Department, University of Missouri-Rolla. The following
discussions deal with (1) preparation of test specimens, (2) testing
of specimens, (3) results of tests, and (4) evaluation of test data.
1. Preparation of Test Specimens
Four different types of cross-sectional configurations of beam
spectmens were used in this portion of expertmental study. The first
type consisted of two channel sections as shown in Fig. 9. The channels
were braced by 3/4 x 3/4 x 1/8 inch angles at the compression flange
and 1/8 x 3/4 inch rectangular bars at the tension flange. Self-
tapping screws (#12 x 14 x 3/4 Tek screws) were used for connectors.
The intervals of braces were provided such that the lateral buckling of
each individual channel section was prevented. The lengths of specimens
used for the one-flange loading condition were selected in such a way
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that the clear distance between edges of bearing plates would be no less
than 1.5h, where h is the clear distance between flanges measured along
the plane of web. The use of 1.5h as the minimum distance between
bearing plates is to eliminate the effect of the two-flange loading. It
is based on the current limitation included in Section 3.5 of the 1968
AISI Specification. The same criteria were previously used for the
Cornell tests.
The second type of beam specimens, as shown in Fig. 10, was fabri-
cated in the same -manner as the first type except that the beam flanges
were connected to bearing plates by machine bolts. The purpose of this
arrangement was to evaluate the possible improvement of web crippling
loads resulting from the restraint provided by beam flanges when they
are connected to bearing plates by machine bolts.
The third type consisted of two channel sections with unstiffened
flanges as shown in Fig. 11. The braces of the tension and compression
flanges were provided in the same manner as the first type.
The fourth type of beam specimens were also fabricated from the
channels with unstiffened flanges. However, for this type of
specimens, additional plates were attached to beam flanges by using
self-tapping screws. The reason for adding these plates was to
increase the bending capacity of beam specimens. (Fig. 12)
The dimensions of channels designed for the experimental investi-
gation of web crippling for single unreinforced webs are listed
in Table 1. The actual measured dimensions of beam specimens are
presented in Table 3(a).
After the beam specimens were fabricated, grid lines were drawn
on the expected failure area for measurement of the deformed web.
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In addition to the UMR tests, the measured d~ensions of 96 hat sections
(Fig. 5) and 16 U-sections used for the Cornell tests on web crippling
are presented in Table 3(b). This information is obtained from Ref. 32.
2. Testing of Specimens
(a) Tensile Coupon Tests
The mechanical properties of the steels used for the beam
spec~ens were established by standard tensile coupon tests. All coupons
were prepared in accordance with ASTM E8 and tested in a 150,000 pounds
Tinius Olson Universal testing machine. Table 2 lists the test data on
yield point, ultimate tensile strength, and elongation measured from a
2-in. gage length. The yield point of steel, sectional properties, and
the pertinent parameters of the UMR beam specimens are presented in
Tables 4(a) and 4(b). Furthermore the parameters and sectional properties
of hat sections and U-sections used for the Cornell tests are listed in
Table 4(c).
(b) Testing of Beam Spec~ens
All spec~ens were tested in a 10,000 pounds Tinius Olson beam
testing machine in the Materials Laboratory of Civil Engineering
Department.
(i) Test Setup
Interior One-Flange Loading--Thirty-eight (38) specimens were
tested under the interior one-flange loading condition. Each spec~en
was tested as a s~ply supported beam by using bearing plates at both
ends and under a concentrated load at midspan as shown in Fig. 13. The
clear distance between the bearing plates was either greater than or
equal to 1.5 h.
End One-Flange Loading--Forty-two (42) spec~ens were tested under
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end one-flange loading. As shown in Figs. 14 and 15, the test setup
used for this series of tests was the same as that for the interior
one-flange loading except that for this case the failure occurred at
end supports rather than at the location under the concentrated load.
This was accomplished by using a 5-in. wide bearing plate under the
concentrated load. In addition, the webs were stiffened by two side
channels at midspan length. The widths of end bearing plates varied
from 1 inch to 3 inches.*
Interior Two-Flange ~ading--Thirty (30) specimens were tested
under interior two-flange laoding. Each beam specimen was tested by
using the bearing plates above and below the beam specimen at mid-
length as shown in Figs. 16 and 17. The testing machine was the same
as that described above for one-flange loading.
End Two-Flange Loading--Thirty (30) specimens were tested under
end two-flange loading. As shown in Figs. 18 to 19, the bearing plates
were placed above and below the beam at one end of the specimen. An
elastic support was placed under the other end of the beam specimen.
The purpose of using this elastic support was to level the beam specimen
during the test. The testing machine was also the same as that described
above.
(ii) Test Procedure
During the test, the loads were applied by an increment of 15%
of the predicted ultimate load. The duration for each load increment was
approximately 5 minutes. The initiation of web crippling was observed
visually with the aid of straight edge. For each test, the profiles of
two webs were measured at the following three conditions:
* For bearing plates wider than 3 inches, see Article V.I.
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• before the load was applied
• at approximately one-half of the predicted ultimate load
• after failure
This was done by measuring the distance between the beam. webs and the
vertical reference plates, which are attached to the testing machine.
3. Results of Tests
After failure of each specimen, the ultimate load for web crippling
was recorded. The test data for 130 UMR tests and 94 Cornell tests
are presented in Tables Sea) to Sed). In these tables, (P)t is
u est
the tested ultimate load to cause web crippling, M is the bending
moment for the one-flange loading condition computed on the basis of
the load (P) t' and V is the shear force in the beam. specimen based
utes
on (P ) • For the case of interior one-flange loading condition,
u test
Table Sea) includes only those test specimens, for which the actual
bending moment is not more than 30% of the maximum moment capacity of
the section. i.e. M/M < 0.300. When M/M > 0.300, the test specimen
u - u
is included in the study of a combination of web crippling and bending
moment. See Table 12.
Typical failure modes for web crippling of single, unreinforced
webs subjected to end one-flange loading are shown in Fig. 20. For
the modified beam. specimens, the typical failure mode is shown in
Fig. 21.
4. Evaluation of Test Data
The results of 140 beam tests have been carefully reviewed and
evaluated for different loading conditions. In this Article, the dis-
cussious are dealing with 130 UMR test specimens with KIM < 0.300.
u -
For these tests it was assumed that the web crippling loads were not
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affected by the small amount of bending moment. This assumption is
based on the findings of a recent Swedish Study (25), which indicates
that for this case the intereaction between web crippling and bending
can be neglected. The results of other 10 UMR test specimens with
M/M > 0.300 are to be discussed in Article IV.l for a combination of
u
web crippling and bending.
Also discussed in this Article are the results of 94 additional
tests conducted previously at Cornell University. For these tests,
the ratios of M/M are also less than 0.300.
u
(a) Comparison of the Experimental Web Crippling Loads and the
Predicted Loads on the Basis of the Current AISI Design
Formulas (Equations (5) and (6»
All test data have been evaluated and compared with the ultimate
web crippling loads determined by Eqs. (5) and (6) for end reactions
and interior loads, respectively.
For the case of one-flange loading, it was found that in general,
Eqs. (5) and (6) provide slightly conservative results for specimens
with hIt ratios less than or equal to 150. When the web slenderness
ratios, hIt, are larger than 150, these two equations were found to
be conservative particularly for large web slenderness ratios up to
250. However, for the case of two-flange loading, these two equations
may overestimate the ultimate loads for the end loading condition due
to the change of failure modes for beam webs having large hIt ratios.
Details of these comparisons are given below.
(i) Interior One-Fla~ge Loading (Fig. 13)
In Table 5(a), the predicted ultimate web crippling loads,
(P ) , for interior one-flange loading were calculated by Eq. (6)
uco~
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or (6a) whichever is applicable. The accuracy of the predicted ultimate
loads is indicated by the value of (P ) /(P ) •
u test u comp
An inspection of the results obtained from Table 5(a) reveals
that Eqs. (6) and (6a) provide a better correlation for the specimens
using channel No.5 (SU-5-IOF-l to SU-5-IOF-6). For these specimens,
the hIt ratios are approximately 125. These equations provide slightly
conservative results for the case of hit ~ 150 (Specimens SU-6'-IOF-l
to SU-6'-IOF-6). For the specimens with large hIt ratios in
the range of 200 to 250 (SU-l-IOF-l to SU-2-IOF-6), rather conservative
results are indicated by the ratios of (p ) /(P )
u test u compo
It should be noted that in this Table, specimens No. 13 to 48 are
the Cornell tests reported in Ref. 32.
Also included in Table 5(a) are the results of four tests using
modified beam specimens (M-SU-6'-IOF-l to M-SU-6'-IOF-6). These
specimens are identical with the beam speicmens SU-6'-IOF-l to
SU-6'-IOF-6, except that for the modified specimens, the channels
were connected to bearing plates by using machine bolts. A comparison
of the (P) t/(P) ratios for these two sets of test specimens
utes u comp
indicates a little difference in web crippling resistance.
In addition to the above observation, the effect of the type of
beam flange on web crippling was briefly investigated. The results
of four test specimens (U-SU-17-IOF-5 to U-SU-18-IOF-6) with unstiffened
flanges indicate that the type of flange will not significantly affect
the web crippling loads.
For the 58 tests investigated for the interior one-flange loading,
the average value of the (P)t t/(P) ratios is 1.146 with a
u es u comp
standard deviation of 0.192.
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Figure 22 is a graphical comparison of the tested and computed
web crippling loads predicted by Eqs. (6) and 6(a). The effect of the
h/t ratio on the (Pu)test/(Pu)comp ratio is shown in Fig. 23 for the
interior one-flange loading condition.
(ii) End One-Flange Loading (Fig. 14)
For this case» channels with stiffened and unstiffened flanges were
used in the tests. It was found that the ultimate web crippling loads
obtained from the specimens with unstiffened flanges were slightly
lower than that obtained from the spectmens with stiffened flanges.
The test results are evaluated separately in the following discussions:
(ii-a) Specimens with Stiffened Flanges - The test results and the
predicted ultimate web crippling loads computed from Eq. (5) are compared
in Table 5(b). The ratios of (P ) /(P ) indicate that in general
u test u comp
Eq. (5) provides conservative results for the prediction of web crippling
load» particularly for large h/t ratios. For the 74 tests using
specimens with stiffened flanges the average value of the
(P)t t/(P) ratio is 1.267 with a standard deviation of 0.228.
u es u comp
Figure 24 is a graphical comparison of the tested and computed
web crippling loads. The effect of the hIt ratios on the
(p ) I(p ) ratio is shown in Fig. 25 for this case of loadingu test u comn
condition.
(ii-b) Specimens with Unstiffened Flanges - For specimens with
unstiffened flanges (Figs. 11 and 26), the ratios of (P ) I(P )
u test u comp
are also listed in Table 5(b). A study of the test results indicates
that even though the beam specimens with unstiffened flanges carried
less web crippling loads than that with stiffened flanges» Eq. (5)
can provide reasonable prediction for design purpose. For the 32
30
tests investigated, the mean value of (Pu)test/(Pu)comp was found to
be 1.021 with a standard deviation of 0.207.
Figure 26 is a graphical comparison of the tested and computed
web crippling loads.
i.s shown in Fig. 27
The effect of the hIt ratio on the (p) ICP )
u test u comp
For the above two cases (spec~ens with stiffened and unstiffened
flanges), eight modified beam specimens were used to study the possible
increase of web crippling load when the bearing plate was connected
to the channel sections. The (Pu)test/(Pu)comp ratios of these eight
tests show an average increase of 7 percent.
For a total of 106 tests included in Table 5(b), the overall
average value of (P)t t/(P) is 1.193 with a standard deviation
u es u comp .
of 0.248.
(iii) Interior Two-Flange Loading (Fig. 16)
For the case of interior two-flange loading, good ag;eements
were obtained for the beam specimens with hIt ~ 100 to 125. However, for
the specimens with hIt ratios larger than 125, the ratio of
CP ) ICp ) decreases as the web slenderness ratio hIt increases.
u test u comp
The ..an values and the standard deviations of (P ) I(P ) are
u test u camp
given in the following table for the specimens having hIt = 100 to 250:









The overall mean value of (Pu)test/(Pu)comp for all 30 tests is 0.920
with a standard deviation of 0.132.
Figure 28 is a graphical comparison of the tested and computed web
crippling loads. The effect of the hIt ratios on the (Pu)test/(Pu)comp
ratio is shown in Fig. 29.
(iv) End Two-Flange Loading (Fig. 18)
A comparison of the test results with the predicted ultimate loads
computed from Eq. (5) gives the following mean values and standard
deviations of (P)t t/(P) for the specimens with hIt ratios
u es u comp
ranging from 100 to 200:






However t for the specimens with hIt ~ 250 and NIt ~ 60 t Eq. (5) provides
very low values because this high hit ratio exceeds the scope of the
original formula (Eq. 5) used for the AISI Specification. For all 28
tests t the overall mean value of (P)t t/(P) is 0.913 with au es u comp
standard deviatiJn of 0.150.
Figure 30 is a graphical comparison of the tested and computed web
crippling loads. The effect of the hIt ratios on the (P ) I(P )
u test u comp
ratio is shown in Fig. 31.
The above comparisons of the tested and predicted web crippling loads
for different loading conditions can be summarized as follows:
• End loading condition for beams having h/t< l50--For the specimens
having hit 2 l50 t which is being used as the maximum limit in the
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1968 AISI Specification, Eq. (5) slightly overestimates the web
crippling load for the case of end two-flange loading condition.
The overall mean value of (P ) is about 15% lower than the
u test
mean value of (p ) • On the other hand, Eq. (5) slightly
u comp
underestimates the web crippling load for the case of end one-
flange loading condition. The overall mean value of the
(P ) I(P ) ratios is 1.137 with a standard deviation of
u test u comp
0.207.
• Interior loading condition for beams having hit ~ l50--For the
specimens having hit ~ 150, Eq. (6) provides good agreements for
the tested and the predicted web crippling loads for interior two-
flange loading condition. The average of (P ) I(p ) ratios
u test u comp
is 0.988 with a standard deviation of 0.098. For the beams having
hIt < 150 under the interior one-flange loading condition, Eq. (6)
provides conservative results with an average of 1.125 and a
standard deviation of 0.145 for the (P ) I(P ) ratios.
u test u comp
• End loading condition for beams having hIt > l50--For the beams
having hIt ratios between 200 and 250, the mean value of the
(p ) lIn) ratios for the end one-flange loading is 1.319
u· test v; u comp
with a standard deviation of 0.324 if Eq. (5) is used to predict
the web crippling load. For the beams having hit ratios between
200 and 250 under the end two-flange loading, the mean value of
the (P ) I(p ) ratios is 1.076 with a standard deviation
u test u comp
of 0.104.
• Interior loading condition for beams having hit> l50--For the
beams having hit ratios between 200 and 250, the mean value of
the (P)t t/(P) ratios is 0.782 with a standard deviation
u es u comp
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of 0.055 by using Eq. (6) to predict the web crippling load for
the interior two-flange loading condition. However, for the case
of interior one-flange loading, the mean value of the (Pu)testl
(P ) ratios is 1.223 with a standard deviation of 0.231 by
u comp
using the same equation.
• Effect of the type of beam flange on web crippling load--The type
of beam flange (stiffened or unstiffened) does not affect the web
crippling load for interior one-flange loading. For other three
loading conditions (end one-flange loading, end two-flange loading
and interior two-flange loading), the use of unstiffened beam
flange results in an approximately 10% reduction of the web
crippling load as compared with the beams having stiffened flanges.
• Effect of connections on web crippling load--For interior one-
flange loading and end one-flange loading, the results of a
limited number of tests indicate that when the channel flanges are
connected to bearing plates by using machine bolts the web
crippling load increases only a few percent. Additional discussion
of this subject is given on pages 28 and 30.
(b) Development of the Modified Formulas
During the review of literature and the evaluation of results of
tests, it was realized that Eqs (5) and (6) were originally developed
from the results of web crippling tests conducted at Cornell University
(32). In that series of tests, a total of 154 specimens were tested for
the one-flange loading condition. These beam specimens included hat
sections and U-sections which were subjected to the conditions listed in
the following table:
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Tests Conducted at Tests Conducted atParameter University of
..Cornell .University Missouri-Rolla
IThickness of 0.060 0.048Specimen~ .in.
lDepth of 3.0 - 12.0 4.8 - 12.0Section~ in.
lYield Point of 33.0 - 54.0 36.26 - 47.12Steel,ksi
Span Length in. 12.0 - 48.0 26.0 - 44.0,
Nit Ratios 11.5 - 42.6 19.3 - 63.8*
Rlt Ratios 1.0- 3.0 0.96 - 2.77
45.2-101.0 for beams 92.8-258.5 for beams
with stiffened flanges; with stiffened flanges;
llit Ratios 139.0-203.0 for beams 98.0-195.8 for beams
with unstiffened with unstiffened
flanges flanges
~e of Stress- Sharp Yielding Sharp YieldingStrain Curve
Stiffened flanges for Stiffened flanges for
3 and 6 in. specimens; 4.8 to 12.0 in.
~ype of Flanges Unstiffened flanges specimens; Unstiffened
for 9 and 12 in. deep flanges for 4.8 to 9.6
specimens in. deep specimens
Also listed in the above table are the conditions used for the recent
tests conducted at the University of Missouri-Rolla. The major differences
between the specimens used for the Cornell and UMR tests are the thickness
of steel and the ranges of hit and Nit ratios. It is believed that the
current formulas with minor modifications can be equally applicable to
thinner sections and the beams with large hit and Nit ratios. Based on
the results of Cornell tests (32) and the UMR tests reported herein, the
following four modified equations were developed on the basis of the linear
estimation of least square.
*For the bearing lengths from 1 to 3 inches. See Article V.l for bearing




Interior One-Flange Loading (for stiffened and unstiffened
t
2F
(P') = ---Y x C C [16317 - 22.52(h/t)]
u comp 103 1 2
x [1 + 0.0069(N/t)]
(32)
(ii) End One-Flange Loading
For stiffened flanges:
(33)




(P') =~3 C3C4 [6570 - 8.51(h/t)]u comp 10
x [1 + 0.0099(N/t)]
(34)
(iii) Interior Two-Flange Loading* (for stiffened and unstiffened
flanges)
x [1 + 0.0013(N/t)]
(35)
[7411 - 17.28(h/t)] x [1 + 0.0099(N/t)]
(36)
(iv) End Two-Flange Loading* (for
t
2F
(P') = --.:L3 C3C4u comp 10
stiffened and unstiffened flanges)
*For the case of two-flange loading, only the UMR data were used because
the Cornell tests covered only the one-flange loading condition.
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where (P') is the predicted ultimate web crippling load based on
u comp











It can be seen that the ba~i.c formats of Eqs. (32) t,o (36) are the
same as that of Eqs. (5) and (6), except for the constants. Separate
equations appear to be necessary for the one-flange and two-flange
loading conditions if the hit ratios are larger than 150 combined with
the use of thin materials.
It should be noted that Eqs. (32) to (J~) are applicable only for
Nit < 60. For the case of Nit> 60t see the discussion presented in
Article V.
(c) Comparison of the Experimental Web Crippling Loads and the
Predicted Loads Computed by the Modified Formulas
Comparisons were made for the experimental and predicted web
crippling loads computed by the modified formulas (Eqs. (32) to (36».
The ratios of (P)t t/(P') are given in Tables Sea) to Sed).
u es u comp
The improvements of the accuracy of prediction are shown in Figs. 32 to
41. The following discussions present the mean values of the ratios of
(p ) I(P') and their standard deviations by using the modified
u test u comp
equations:
(i) Interior One-Flange Loading
For interior one-flange loading, the mean value of (P)t I(p')
u est u comp
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is equal to 0.997 with a standard deviation of 0.107 for the specimens
having hIt ratios ranging from approximately 89 to 254 as listed in
Table 5(a). Figure 32 is a graphical comparison of the tested and
computed web crippling loads on the basis of the modified formulas. It
can be seen that if the modified equations are used, the differences
between (P ) and (P') are within + 20% for the range of hit
u test u comp
ratios used in the investigation. The effect of hit ratios on the
(P)t t/(P') ratio is shown graphically in Fig. 33.
u es u comp
(;i) End One-Flange },oading
For this particular case, a study of Cornell report (32) reveals
that specimens with stiffened and unstiffened flanges have a consider-
able difference in load-carrying capacities against web crippling.
Moreover, Eqs. (5) and (6) previously derived for this condition were
found to be conservative when compared with the majority of the test
results.
In the UMR investigation, Eqs. (33) and (34) were evaluated
separately for the beam specimens having stiffened and unstiffened
flanges. This evaluation was based on the results obtained from the
Cornell tests and UMR tests.
As listed b Table 5 (b), for beam specimens with stiffened flanges
contacted with bearing plates, the mean value of (P ) I(p') is
u test u camp
equal to 1.00 with a standard deviation of 0.117. For specimens with
unstiffened flanges, the mean value of (P ) I(p') was found to
u test u comp
be 1.00 with a standard deviation of 0.163.
The graphical comparisons for both cases (specimens with stiffened
and unstiffened flanges) are shown in Figs. 34 to 37.
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(iii) Interior Two-Flange Loading
For interior two-flange loading, the mean value of (P)t t/(P I )
u es u comp
listed in Table S(c) for 30 test specimens is 1.007 with a standard
deviation of 0.110. See Fig. 38 for the graphical comparison of the
tested and computed values. The effect of hit ratios on the accuracy of
prediction is shown graphically in Fig. 39.
(iv) End Two-Flange Loading
For the case of end two-flange loading, the mean value of
(p ) l(p l ) was found to be equal to 1.001 with a standard
u test u comp
deviation 6f 0.096 as listed in Table Sed). See Fig. 40 for the
tested and predicted web crippling loads.
versus hit ratios is shown in Fig. 41.
A plot of (P ) I(P')
u test u comp
In addition to the conventional tests discussed above, four
modified tests (M-SU-6'-IOF-l to M-SU-6'-IOF-6) for interior one-flange
loading and eight modified tests (~SU-4-EOF-l to M-SU-6'-EOF-6) for end
one-flange loading have been conducted. For all these special tests,
the beam flanges were fastened to bearing plates (Fig. 10) by using
machine bolts. Because of the additional restraint provided by the beam
flange, about 6 percent ~provements of web crippling loads were noted
for the specimens tested under interior one-flange loading. However,
for the case of end one-flange loading, an improvement of web crippling
load was note~ only for using N = 3 inches. For details, see Tables
5(a) and S(b).
(d) Failure Modes
During the test, it was observed that all failure modes were
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consistent for each loading condition. For interior one-flange loading,
failure occurred in the web underneath the bearing plate as shown in
Fig. 42(a) for hit ratios up to 250. However, the maximum deformation
is located at about 1/4 of the depth measured from the top flange of
the specimen. A typical profile of the deformed web for this case is
shown in Fig. 42(b). For end one-flange loading, failure of the web
occurred at approximately 1/4 of the depth from the bottom flange as
shown in Fig. 43 for all bearing lengths used in the tests. For interior
two-flange loading, the failure modes depend on the bearing length, N.
For N-1 and 2 inches, the highly localized bearing stress caused web
crippling at the position of bearing plates. However, for N=3 inches,
the webs bent and buckled at approximately their mid-depths. The
typical measured web profiles are shown in Figs. 44(b) and 45(b).
For the case of end two-flange loading, the beam webs failed in
the neighborhood of the mid-depth for the specimens having hit ratios
from approximately 100 to 250. See Figs. 46(a) and 46(b).
(e) Effects of Bending Moment and Shear on Web Crippling Loads
for Single Unreinforced Webs
In the above evaluation, the interaction of web crippling and other
stresses was not ~onsidered. It has been realized that even though
relatively short beam specimens were used for the web crippling tests,
a considerable amount of bending and shear stresses have been developed
in beam webs for the one-flange loading condition. In addition, the
use of short test specimens has caused a shear lag problem.
In order to study the effects of bending and shear stresses on
the possible reduction of web crippling loads, the test data for the
specimens with M/M
u
> 0.300 are evaluated in Article IV.!.
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D. Summary and Design Recommendations for Single, Unreinforced Webs
1. Summary
In order to study further the structural behavior of cold-formed
steel beam webs subjected to partial edge loading and to develop
additional design criteria as necessary, a total of 140 beam specimens
having single unreinforced webs have been tested, of which 130 tests
have been used for evaluation. Based on the results of 130 UMR tests
and 94 Cornell tests, the following conclusions can be drawn for web
crippling of single, unreinforced beam webs:
a. The current AISI design provisions included in Section 3.5(a)
of the 1968 Edition of the Specification can be used for beam
webs having hit ~ 150 when they are subjected to end one-flange
loading, interior one-flange loading and interior two-flange
loading.
b. For the beams subjected to both one-flange loading and two-
flange loading, modified design formulas were developed for
hit ratios up to 250. Equations (32) to (35) provide
reasonably good predictions as compared with the test results
subjected to the limitations indicated in Article III.l.C.4(b).
See page 34. In general, the accuracy of prediction is within
+ 20%. In view of the fact that a maximum hit limit of 200
was used in the previous UMR study of beam webs having
unstiffened flanges subjected to bending (5), the same hit
limit can also be applied to the modified formulas developed
for web crippling. In addition, it has been realized that
when the beam webs with hit> 200 are subjected to the two-
flange loading, the web may buckle prematurely at the mid-height
c.
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as a column instead of the conventional type of the web
crippling failure. For this reason t the hIt ratio has been
limited to 200 in this phase of study.
For the modified tests on interior one-flange loading and end
one-flange loading, for which the beam flanges were connected
to bearing plates, the load-carrying capacities against web
crippling were found to be improved only by a few percent
for the beams used in these tests.
d. The ultimate web crippling loads obtained from the tests for
and one-flange loading were found to be about 51.2% of that
obtained for interior one-flange loading. For the case of
two-flange loading, the ultimate tested loads obtained from
the end two-flange loading condition were approximately equal-
to 44.3% of that obtained from the interior two-flange loading,
if the same values of NIt, hIt, Rlt, t and F are used.y
e. According to the scatters likely to be found for the web
crippling tests of beam specimens having single, unreinforced
webs, a safety factor of 1.85 against the ultimate web
crippling load is recommended for the development of design
criter;a. This factor has been used in the current AISI
Specification and found to be satisfactory for practical
design. It is slightly larger than the nominal value of 1.67
because it is used to determine the allowable load on the basis
of the ultimate load.
2. Design Recommendations
Based on the findings of this investigation t the following modified




To avoid crippling of unreinforced beam webs having a flat width
ratio hit < 200 and N/t 260,* concentrated loads and reactions shall
not exceed the value P given below. Webs of beams for which the ratio,
max
hit, is greater than the above limit shall be provided with adequate
means of transmitting concentrated loads and/or reactions directly into
the webs.
1.1 For end reactions or for concentrated loads on outer ends of
cantilevers





x 3f x C3C4[178.70 - 0.33(h/t)][1 + 0.0102(N/t)]
(41)





x 3f x C3C4 [117.19 - 0.15(h/t)][1 + 0.0099(N/t)]
(42)
1.2 For reactions of interior supports or for concentrated loads





= t 2 x Jt x C1C2 [291.06 - 0.40(h/t)][1 + 0.0069(N/t)]
(43)
1.3 For two opposite, concentrated loads applied simultaneously to
*For N/t > 60, see Article V.
For beams having stiffened flanges, the limiting hit ratio may be extended
to 250.
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= t 2 x Jt x C3C4 [132.20 - 0.31(h/t)][1 + 0.0099(N/t)]
(44)
1.4 For two opposite, concentrated loads applied simultaneously to
both top and bottom flanges at interior supports and anywhere




= t 2 x 3J x Cl C2 [416.62 - 1.22(h/t)][1 + 0.0013(N/t)]
(45)
1.5 For corner radii larger than 4t, tests shall be made in
accordance with Section 6 of the AISI Specification (3).
For loads located close to ends of beams, provisions 1.2 and 1.4
apply, provided that for cantilevers the distance from the free end
to the nearest edge of bearing, and for a load close to an end support
the clear distance from edge of end bearing to nearest edge of load
bearing is larger than 1.5 h. Otherwise provisions 1.1 and 1.3 apply.
In the above formulas,
P = allowable concentrated load or reactions, kips, per web
max
t = web ~hickness, in.
N = actual length of bearing, in., except that in the above
formu]~s the value of N shall not be taken greater than h
h = clear distance between flanges measured along the plane
of web, in.
F = yield point, ksiy




C = (1.22 - 0.22 x 3!) (46)1
C = (1.06 - 0.06 x R/t) < 1.0 (47)2 -
F
C = (1.33 - 0.33 x if) (48)3
C = (1.15 - 0.15 x R/t) < 1.0. (49)4
The above formulas were derived from Eqs. (32) to (36) with a safety
factor of 1.85, i.e.
P = (P') /1.85
max u comp
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111.2 I-Sections Having Unreinforced Webs
A. General
In cold-formed steel construction, I-sections made of two
channels connected back to back or similar sections made by connecting
two angles to a channel are often used as beam members. For this
application, web stiffeners are infrequently used. As a result, the
webs of beams may cripple locally due to the high intensity of the
applied load or reaction.
Because I-sections provide a higher degree of restraint against
rotation of the web as compared with the single, unreinforced webs
discussed in the preceding article, the web crippling loads for I-sections
have been studied at Cornell University in 1940's. The purpose of this
additional study of the structural behavior of I-beams subjected to
web crippling loads conducted at the University of Missouri-Rolla was
to evaluate the ultimate str~ngth of web elements against crippling for
the I-sections made of high strength materials combined with the use
of thinner steels. It was intended to develop additional basic infor-
mation for the web-crippling capacity of beam webs to be used in a study
of interaction between web crippling and other stresses.
B. Analytical Study
Because the problem of web crippling is rather complicated for
theoretical analysis as discussed in Article III.l.B, the design
criteria presently included in the AISI Specification for the design of
I-sections are based on the empirical formulas developed in 1946 on
the basis of the tests conducted at Cornell University. (15)
C. Experimental Study
The objective of this experimental study was to determine the
ultimate loads of web elements of I-section~ against crippling. In
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this study, consideration was given to the effects of thickness of
steel, yield point of steel, and the bearing length to thickness
ratio, on web crippling loads.
A total of 152 I-beam specimens having stiffened and unstiffened
flanges were tested to determine the web crippling loads. All specimens
were fabricated from channel sections as shown in Fig. 8.
Similar as the tests conducted for the beams having single,
unreinforced webs, all I-sections were also tested under the following
four different loading conditions as illustrated in Fig. 4:
Interior One-Flange Loading (46 specimens)
End One-Flange Loading (46 specimens)
Interior Two-Flange Loading (30 specimens)
End Two-Flange Loading (30 specimens)
The following discussions deal with preparation of specimens,
testing of specimens, results of tests, and evaluation of test data.
1. Preparation of Test Specimens
All I-beam specimens were fabricated from two channels connected
back to back with the aid of self-tapping screws (#12x14x3/4 Tek
screws) at a distance of 1/2 in. from top and bottom flanges. See
Figs. 47 to 50. The self-tapping screws were spaced along the beam
length at a constant distance of 2 in. from center to center. For all
types of cross sectional configurations, the screws were driven from
alternate sides of the web during fabrication in order to minimize the
initial deformations of the webs.
Prior to testing, grid lines were drawn on the expected failure area
for measurement of the deformed webs.
In this experimental study, four different types of cross
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sectional configurations were used. The first type consisted of
two channel sections with stiffened flanges as shown in Fig. 47.
Self-tapping screws were used for connectors. For the case of
one-flange loading, the lengths of specimens were selected in such
a way that the clear distances between edges of bearing plates were
no less than 1.5 h.
The second type of specimens used deep sections (10 and 12 in. in
depth). They were fabricated in the same manner as the first type of
cross sectional configuration, except that additional plates of the
same materials were attached to beam flanges by using self-tapping screws.
See Fig. 48. Because of the deeper section, larger span lengths were
used in the tests. The purpose of using these additional plates were
to prevent premature failure of flanges due to high bending stress.
This arrangement was used only for the case of interior one-flange
loading for the testing of 10 and 12 in. deep sections.
Figure 49 shows the third type of cross sectional configuration
employed in this phase of testing program. This type of specimen
consisted of two channel sections with unstiffened flanges connected
back to back by self-tapping screws. The purpose of using this type
of cross section was to determine the difference of the ultimate web
crippling loads between the specimens with stiffened and unstiffened
flanges.
The final configuration is shown in Fig. 50. This type of specimen
was also fabricated from channels having unstiffened flanges. Additional
plates were attached to the beam flanges. The reason of using these
extra plates is the same as that for the second type of cross sectional
configuration discussed above.
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According to the mechanical properties of steel, two groups of
channels were used for this series of tests. The first group had a yield
point ranging from 36.26 to 53.79 ksi. These steels had a sharp yielding
type of stress-strain curve. The yield point of the second group was
33.46 ksi. The stress-strain curve for this type of steel was found to
be a gradual yielding type.
The actual cross ·sectiona1 dimensions of all beam specimens used in
this test program are listed in Table 6(a). Table 6(b) contains
dimensions of test specimens conducted at Cornell University. Details
of this series of tests are given in Ref. 15. In addition, all parameters
and section properties are given in Tables 7(a) and 7(b).
In both tables, the ratios of Nit, hit and R/t were defined previously
for single, unreinforced webs. The values of (w/t)lim were computed for
f = 0.60 F in accordance with Section 2.3.1.1 of the AISI Specification.y
A is the web area computed by 2ht. The calculations of S , S', S", (S )M'
w x x x x
(S~)M and (S;)M were based on the considerations given in both tables and
discussed in Article IV.1. Table 7(c) provides similar data for the test
specimens used for the Cornell study.
2. Testing of Specimens
(a) Tensile Coupon Tests
The mechanical properties of the steels used for the beam specimens
were established by standard tensile coupon tests. Table 2 lists
the test data on yield point, ultimate tensile strength, and elongation
measured from a 2 in. gage length. The yield points of steels for all
beam specimens are also listed in Tables 7(a) and 7(b).
(b) Testing of Beam Specimens
All beam specimens were tested in the 8-ft wide, 9-ft high, and
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2l-ft long loading frame, which is anchored to the l8-ft wide and 60-ft
long test bay in the Engineering Research Laboratory.
(i) Test Setup
The following is the discussion of the test setup used for each
individual loading condition:
Interior One-Flange Loading--Forty-six (46) specimens were tested
under interior one-flange loading. Figure 51 shows the test setup
used for this type of loading condition. Each beam specimen was
tested as a simply supported beam by using rollers and supporting
plates at both ends. In addition, a bearing plate was placed at mid-
span such that the clear distance between the supporting plate and bearing
plate was no less than 1.5 h to minimize the effect of two-flange loading
condition, where h is the depth of web element. An electric load cell
was then placed between the bearing plate and the hydraulic jack for
measuring the applied load, which was applied by a manually operated
pump. In order to prevent twisting of the beam specimen, two braces were
attached to each side of the specimen at a distance of 6 inches from both
ends.
End One-Flange Loading--Forty-six (46) specimens were also tested
under end one-flange loading. As shown in Fig. 52, the test setup
used for this series of tests was the same as that for interior
one-flange loading except that for this case the failure occurred
at end supports rather than at the location of the concentrated load.
For this reason, the widths of end bearing plates varied from 1 inch to
3 inches.
Interior Two-Flange Loading--Thirty (30) specimens were tested
under interior two-flange loading. Each beam specimen was tested by
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using the bearing plates above and below the beam specimen at mid-
length as shown in Fig. 53. The loading system was the same as that
described above for one-flange loading.
End Two-Flange Loading--Thirty (30) specimens were tested under
end two-flange loading. As shown in Fig. 54, the bearing plates were
placed above and below the beam at one end of the specimen. An elastic
support was placed under the other end of the beam specimen. The loading
system was also the same as that described above.
(ii) Test Procedure
During the testing, loads were applied by a manually operated
pump at an approximate increment of 10% of the predicted ultimate
failure load. At each increment of load, the applied jack load was
recorded on both printed and punched paper tapes by using a data
acquisition system. In addition, the lateral deformations of the
expected failure portion of the webs were measured at the following
three loading conditions:
• Initial loading.
• At approximately one-half of the predicted ultimate load.
• Failure load.
The duration for each load increment was approximately 5 minutes. When
lateral deformations are measured, the duration of load was approximately
20 minutes.
The lateral deformations of the webs were measured to the nearest
one thousand of an inch (0.001 in.) by using five linear potentiometers
attached to a movable frame as shown in Fig. 55. This special measure-
ment equipment could be adjusted to any position according to the grid
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lines plotted on the web. Thua, the deformed shapes of the web could
be accurately measured for various loads. The results of pilot tests
indicated that the accuracy of this lateral displacement measurement
apparatus was such that repeatability of the readings was assured.
The rea~ings of the potentiometers were also recorded and printed
out on tape by using the data acquisition system.
3. Results of Tests
For each test, the ultimate load for web crippling and the
measurements of the deformed web for the selected loading were
recorded. The tested web crippling loads are listed in Tables 8(a) to
8(d) under the title (PU)test for different loading conditions.
Also listed in Tables 8(a) to 8(d) are the values of the predicted
ultimate loads, (p ) ,calculated by using Eqs. (3) and (4). These
u co~
two equations were previously developed from the results of 136 I-beam
tests conducted at Cornell University (15). They were used for
the development of the current AISI Specification.
The accuracies of the prediction on web crippling loads are
indicated by the mean values of (P)t t/(P) and their standard
u es u comp
deviations, which are also presentad in Tables 8(a) to 8(d).
With regard to the profiles of the deformed webs, a special
equipment (Fig. 56) consisting of a Wang Model 600 Programmable
Calculator, X-Y Plotter, and a paper tape reader was used to inter-
pret the punched tape and to plot the deformed shapes of the webs.
4. Evaluation of Test Data
During the evaluation of test data on I-sections, considerations
were given to 103 Cornell tests and 127 UMR tests. For the case of
interior one-flange loading condition, the test specimens were selected
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on the basis that M/M < 0.400, under which the effect of bending
u -
moment on web crippling load can be neglected. The remaining 25 UMR
test specimens with M/M > 0.400 are used for a study of the combined
u
web crippling and bending.
In this Article, discussions are dealing with the following
topics:
• Comparison of the experimental and predicted ultimate web
tlrippling loads.
• ~evelopment of the Modified formulas.
• Comparison of the experimental web crippling loads and
the ultimate loads predicted by the modified formulas.
• Failure modes.
• Effect of bending moment and shear on web crippling loads
for I-aections having unreinforced webs.
(a) Comparison of the Experimental and Ultimate Web Crippling
Loads Predicted by Equations (3) and (4)
The experimental and predicted ultimate loads have been compared
for 230 specimens. The mean values of (Pu)test/(Pu)comp and their
standard deviations are given in Tables 8(a) to 8(d) for four
different loading conditions. In these tables the values of (P )
u comp
were calculated by Eqs. (3) or (4), whichever is applicable. These
two equations serve the bases of the current AISI Specification.
The following discussions contain the summaries of comparisons for
four different types of tests:
(i) Interior One-Flange Loading
The accuracy of the predicted ultimate load is indicated by the
mean value of (P) t/(P) ratios, of which the value of (P )
utes u comp u comp
was calculated by Eq. (4). From Table 8(a), it can be seen that for
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steels having yield points ranging from 33.46 ksi to 53.79 ksi, the mean
1 f (P ) /(P ) is 0.793 with a standard deviation of 0.140 forva ue 0 u test u comp
21 UMR tests and 10 Cornell tests. This low mean value is primarily due
to the use of gradual yielding type of steels, thin material and large hIt
ratios for the UMR tests. Figure 57 is a graphical comparison of the
tested and computed values. The effect of the hIt ratio on the (P)t t/u es
(P ) is shown in Fig. 58.
u comp
(ii) End One-Flange Loading
For end one-flange loading, Eq. (3) was found to be rather conser-
vative. The mean value of (P ) /(P ) for 46 UMR tests and 30
u test u comp
Cornell tests is equal to 1.238 with a standard deviation of 0.255 as
given in Table 8(b). See Fig. 59 for the comparison of the tested and
computed values. Figure 60 shows the effect of the hIt ratio on the
(Pu)test/(Pu)comp ratio.
(iii) Interior Two-Flange Loading
For interior two-flange loading, the mean value of (P ) /(P)
u test u comp
for 30 UMR tests and 36 Cornell tests is 0.832 with a standard deviation
of 0.240 when Eq. (4) was used to compute (P ) • It has been noted
u comp
that Eq. (4) gives good correlation for the Cornell tests but over-
estimates the we~ crippling loads for the UMR tests due to the same
reason discussed for the case of interior one-flange loading. See
Fig. 61 for the graphical comparison of the tested and computed web
crippling loads. The effect of the hIt ratio on the (P ) /(P )
u test u comp
is shown in Fig. 62.
(iv) End Two-Flange Loading
For the case of end two-flange loading, Eq. (3) also overestimates
the web crippling loads for the UMR tests. As given in Table 8(d), the
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mean value of (P)t /(P) is equal to 0.709 with a standard
u est u comp
deviation of 0.246. Same as the case of interior two-flange loading,
Eq. (3) overestimates the capacity for all UMR tests. Figures 63 and 64
show the graphical comparison of the tested and computed values.
It should be noted that for all cases the specimens used in this
investigation have a wide range of h/t ratio from approximately 28 to
266, and the yield points of steel range from 30.20 ksi to 53.79 ksi.
The above comparisons indicate that except for the case of end one-
flange loading, Eqs. (3) and (4) overestimate the web crippling loads
for the UMR tests. This is possibly due to the fact that most of the
UMR test specimens were made of 0.046 in. steel sheets with yield points
of steel up to 53.79 ksi, which are different as compared with the Cornell
tests. For this reason, modified formulas have been developed by
including two correction factors to cover the wider range of the yield
point of steel and the thickness of material.
(b) Development of the Modified Formulas
During the development of the modified formulas, it was noted
that Eqs. (3) and (4) were originally developed from the results of web
crippling tests conducted at Cornell University. The parameters and
design conditions for the Cornell tests are listed in the table appearing
on page 55.
Also listed in the table are the parameters used in the UMR
tests. In view of the fact that most of the UMR test specimens were
fabricated from 0.046 in. thick sheets having relatively higher yield
points than the Cornell tests, the Cornell and UMR test data have been
combined for the development of modified formulas. Based on the linear
estimation of least square, it was found that the accuracy of prediction
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Tests Conducted at Tests Conducted atParameter
.Cornell University University ofMissouri-Rolla
Thickness of 0.046 - 0.1478 0.046 - 0.108Specimen, in.
Depth of 4.00 - 8.00 3.94 - 12.09Section, in.
lYield Point of 30.20 37.90 33.46 - 53.79-Steel, ksi
Span Length, in. 10.0 - 36.0 20.0 - 44.0
Nit Ratios 6.76 - 76.08 18.87 - 65.93
hit Ratios 27.51 - 174.35 48.93 - 266.04
Sharp Yielding for
lType of Stress- Sharp Yielding Fy=42.86-53.79 ksi;Strain Curve Gradual Yielding for
Fy=33.46 ksi
could be improved by including two additional correction factors in the
original equations. Consequently, the following four modified equations
have been developed for possible use:
(i) For Interior One-Flange Loading
(P~)comp (50)
(ii) For End One-Flange Loading
(PI) = t 2F x C7C8 (10 + 1.25/N/t)u comp y
(iii) For Interior Two-Flange Loading





where (P') = the ultimate web crippling load determined by the
u comp
modified equations, per web.
C5 = (1.49-0.53 k) > 0.6
C6 = (0.88+0.12 m)
C7 = (1.34-0.083 k)
C8 = 1.0
C9 = 11k for hit < 66.5; C9 =
CIO = (0.82+0.15 m)
hitCll = (0.98 - 86S)/k
C12 = (0.64+0.31 m)
k = F /33y
m = t/0.075
hit(1.10 - 665)/k for hit> 66.5
It should be noted that except for C8 , the above listed correction
factors depend on the values of k and m. The equation for the para-
meter "k" was selected from the 1968 AISI Specification whereas the
equation for the parameter "m" is used to reflect the effect of the
thickness of material on web crippling load.
The above constants C5 to C12 are shown graphically in Figs. 65
and 66.
Figures 65(a) and 65(b) show the effects of thickness on the web
crippling loads. Except for the case of end one-flange loading, the
coefficients increase as the thickness increases.
The effects of ¥ield points of steel on web crippling loads are
shown graphically in Figs. 66(a) and 66(b). The dashed lines represent
the assumed lower limits, which have not been verified by tests.
Following the above modification, an attempt has been made to
study the possible effect of hit ratios on the web crippling load. It
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was found that there is no need to include any additional correction
factor for hit in Eqs. (50) and (51) when due considerations are g(ven
to t, F and Nit in the modified equations.y
By using Eqs. (50) to (53), the effects of Nit ratios on the
tested web crippling loads for four different loading conditions are
shown in Figs. (67) to (70). It should be noted that these four
equations are applicable only to Nit < 60. For the case of Nit> 60,
see the discussion presented in Article V.
(c) Comparison of the Experimental Web Crippling Loads and the
Predicted Loads Computed by the Modified Formulas
Comparisons were made for the experimental and predicted web
crippling loads computed by the applicable modified formulas (Eqs. (SO)
to (53». The improvements of the accuracy of prediction are shown
in Figs. (71) to (78). In these figures the results obtained from
Cornell tests are also included. The following discussions present the
mean value of (P)t t/(P') ratios and their standard deviations
u es u comp
for four different loading conditions.
(D Interior One-Flange Loading
For interior one-flange loading, the mean value of (Pu)test/(P~)comp
is equal to 0.960 with a standard deviation of 0.120 as given in Table 8(a).
For specimens having unstiffened flanges, the mean value is equal to 0.931.
Figure 71 shows a graphical comparison between the tested ultimate loads,
(Pu)test' and the predicted ultimate loads, (p.) , which were computed
u comp
from Eq. (50). The effect of the hIt ratio on the (P ) I(P') is
u test u comp
shown in Fig. 72.
(ii) End One-Flange Loading
For end one-flange loading, the mean value of (P ) I(p') is
u test u comp
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equal to 0.997 with a standard deviation of 0.204 as given in Table 8(b).
This indicates an improvement of prediction for both UMR and Cornell
tests. See Fig. 73 for a graphical comparison between the tested and
computed values. Figure 74 shows that the modified equations are
applicable for the range of hIt ratios from approximately 30 to 260.
(iii) Interior Two-Flange Loading
For interior two-flange loading, the mean value of the
(Pu)test/(P~)comp ratios for all tests is equal to 1.001 with a standard
deviation of 0.123. See Table 8(c). The low tested values for specimens
I-2-ITF-5 and I-2-ITF-6 are apparently due to the use of a high hIt ratio
of 250. Figure 75 shows a graphical comparison between the tested
ultimate load, (P)t t' and the predicted ultimate load, (P') ,on
u es u comp
the basis of Eq. (52). See Fig. 76 for the relationship between the
ratios of (Pu)test/(P~)comp and hIt.
(iv) End Two-Flange Laoding
For the case of end two-flange loading, comparisons of the tested
ultimate loads, (P ) and the predicted ultimate loads, (P') are
u test' u comp'
listed in Table 8(d). By using Eq. (53), the mean value of (P ) I(P')
u test u comp
listed in Table 8(d) is equal to 0.987 with a standard deviation of 0.108.
Similar as the case of interior two-flange loading, low tested values were
obtained for two specimens I-2-ETF-5 and I-2-ETF-6 due to the same
reasons discussed above. Figure 77 is a graphical comparison for the
tested and computed web crippling 'loads. Figure 78 shows the applicabil-
ity of the modified equation for various hIt ratios.
The tested and computed web crippling loads indicate that the use of
gradual yielding steel reduces the web crippling loads for interior one-
flange loading but improve the web crippling capacities for end one-flange
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loading and end two-flange loading.
(d) Failure Modes
During the test, it was observed that all failure modes ware
consistent for each case. For interior one-flange loading, failures
occurred in the web underneath the bearing plate at approximately
115 of the depth measured from the top flange of the specimen. Typical
deformed webs are shown in Figs. 79 and 80. For end one-flange loading,
failures of the web occurred at approximately 1/3 of the depth measured
from the bottom flange as nhown in Figs. 81 and 82. For interior two-
flange loading, and end two-flange loading, two different types of
failure modes were obtained. For specimens using thin material (0.06
in. or thinner) with hIt ratios of 150 or larger failures occurred
at about mid-depth of the section. Figures 83 and 84 show the location
of failures at mid-depth for the case of interior two-flange loading.
However, for the specimens using relatively thicker material (0.075 in.
or thicker) with hIt ratios of 50 to 100, failures occurred at the
region adjacent to the applied load and support for the case of end
two-flange loading. A typical deformed web is shown in Fig. 85.
Figures 86 and 87 show that the webs failed at mid-depths for the
specimens with t = 0.048 in. and hit = 150 when they were subjected
to end two-flange loading.
(e) Effects of Bending Moment and Shear on Web Crippling of
I-Sections
The effects of bending moment and shear on web crippling of I-sections
were also investigated. This subject is discussed in Article IV.1.
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D. Sunnnary and Design Recommendations
1. Summary
A total of 152 I-beam specimens having unreinforced webs have been
tested for web crippling at the University of Missouri-Rolla. For these
tests, 46 specimens were for interior one-flange loading, 46 specimens
were for end one-flange loading, 30 specimens were for interior two-
flange loading, and 30 speicmens were for end two-flange loading.
Among the 152 UMR tests, the results of 127 tests have been
evaluated for web crippling capacity without the consideration of the
effects of bending and shear. The results of other 25 tests for
interior one~f1ange loading condition have been studied for the case
of a combination of web crippling and bending because the M/M ratios
u
exceed 0.400. In addition to the UMR tests, 103 Cornell tests have
been used in this portion of the study.
Based on the results of 230 tests, the following conclusions on
web crippling of I-beams can be drawn:
a. Equations (3) and (4) do not provide good correlations with the
ultimate loads obtained from the UMR tests. Except for the
case of end one-flange loading, Eqs. (3) and (4) overestimate
the web crippling loads for the UMR tests possibly due to the
fact that most UMR specimens were fabricated from thin steel
sheets having relatively higher yield point and larger hit as
compared with the Cornell specimens. Recent tests indicate that
different formulas should be used for one-flange and two-flange
loading conditions particularly for the beam webs having large
hIt ratios.
b. Equations (3) and (4) have been modified by adding two correction
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factors to account for different yield points and thicknesses
of steels. These modified equations have been compared with the
results obtained from the tests conducted at Cornell University
and the University of Missouri-Rolla. Good agreements have been
achieved for four different loading conditions subjected to the
limitations indicated in Article III.2.C.4(b).
c. The modified formulas can be used for I-beam webs having hit
ratios up to 250.
d. In view of the fa(:t that the standard deviations presented in
Table 8 for I-beam tests are slightly larger than that for
single, unreinforced webs listed in Table 5, a safety factor
of 2.0 is recommended for the design of I-beams. This factor
is slightly larger than the value of 1.85 being recommended
for single, unreinforced beam webs but is less than the value
of 2.2 being used in the 1968 Edition of the AISI Specification
for I-beams. Another reason for recommending 2.0 instead of
using 2.2 is because when high hending stress occurs in the
beam, the web crippling load is r-educed according to the
method presented in Article IV.I.
2. Design ~ecommendations
Based on the research findings obtained from this investigation,
the following revisions of Section 3.5(b) of the AISI Specification are
recommended:
To prevent web crippling of unreinforced webs of I-beams made
of two channels connected back to back or for similar section which
provide a high degree of restraint against rotation of the web, such
as I-sections made by welding two angles to a channel, concentrated
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loads and reactions shall not exceed the value P given below when
max
h/t ~ 250 and N/t < 60.* When the h/t ratio is greater than 250 the webs
of I-beams shall be stiffened with adequate means to transmit concentrated
load and/or reactions.
1.1 For end reactions or for concentrated loads on the outer ends
of cantilevers
(54)
1.2 For reactions of interior supports or for concentrated loads




1.3 For two opposite, concentrated loads applied simultaneously to
both top and bottom flanges at the end of the beam
(56)
1.4 For two opposite, concentrated loads applied simultaneously to







*For NIt> 60, see Article V.
**Equations (56) and (57) can be simplified as follows:
P = 33C12 t
2[O.98-(h/t)/865] [5.0+0.62SIN!t]
max 2






For loads located close to ends of beams, provisions 1.2 and 1.4
apply, provided that for cantilevers the distance from the free end to
the nearest edge of bearing, and for a load close to an end support
the clear distance from edge of end bearing to the nearest edge of
load bearing is larger than 1.5 h. Otherwise provisions 1.1 and 1.3
apply.
In the above formulas,
P = allowable concentrated load or reactions, kips,per web
max
t = web thickness, in.
N = actual length of bearing, in., except that in the above
formulas the value of N shall not be taken greater than h
h = clear distance between flanges measured along the plane of
web, in.
Fy = yield point, ksi
Cs = (1.49-0.53 k) > 0.6
-
C6 = (0.88+0.12 m)
C7 = (1.34-0.083 k)
C8 = 1.0
C9 11k for hit < 66.5;
hit for hit> 66.5= Cg = (1.10- 665) Ik
CIO = (0. 82+0.15 m)
hitCll = (0.98- 865)/k
CI2 = (0 .64+0 •31 m)
k = F 133y
m = t/0.075 •
The above recommended formulas were derived from Eqs. (50) to
(53) with a safety factor of 2.0.
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IV. BEAM WEBS SUBJECTED TO A COMBINATION OF WEB
CRIPPLING LOAD AND BENDING MOMENT
IV.l Single, Unreinforced Webs
A. General
In Sections 111.1 and 111.2 of this report, the web crippling
problem of cold-formed steel beams was studied in detail. In that case,
the localized failure of webs was considered to be the result of a
concentrated load without the consideration of a combination of web
crippling and other stresses.
In practical application, the combination of web crippling
load and other stress is often found in single span beams, continuous
beams, and cantilevers. This subject has recently been studied by
several researchers (23,25,26,28). Based on the test results,
interaction formula for combined web crippling and bending, (Eq. (12»,
has been developed in the European Recommendation (26).
In February 1977, the AISI Specification (33) included in
Addendum No. 2 a new factor to reduce the web crippling load for single,
unreinforced webs if the applied bending moment at or immediately
adjacent to the concentrated load or reaction exceeds 0.3 M •
max
In this portion of the investigation, a study was made to investi-
gate the structural behavior of the beam webs subjected to combined
web crippling and bending for single, unreinforced webs. The research
findings and design recommendations are included in Article IV.l.D.
B. Analytical Study
As discussed in Section III.B of Ref. 5 the bending capacity of
beam webs is a funct_ion of the web slenderness ratio, hit, bending stress
ratio, f If , yield point of steel, F , and flat width to thickness ratio
c t y
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of flange, wIt. For web crippling of beam webs, the strength is governed
by the hIt ratio of the web, bearing length to thickness ratio, NIt, bend
radius to thickness ratio, R/t, thickness of the web, t, and yield point
of material, F. Because of the large number of significant parametersy
involved and the complex nature of the interaction behavior between the
flange and web element, an analytical solution of this type of problem
seems to be extremely difficult. For these reasons, an experimental study
was conducted to develop the interaction formulas for the design of beam
webs.
C. Experimental Study
The objective of this experimental study was to determine the
structural behavior of beam webs when they are subjected to a combination
of web crippling load and bending moment. The basic information on the
bending strength of beam webs and web crippling provided in Ref. 5 and
Section 111.1 of this report will be used in this study.
Because bending moment will result in a reduction of ultimate
web crippling capacity, consideration was given to an interaction between
bending moment and web crippling load. A total of 38 beam specimens
having single, unreinforced webs have been tested. All beam specimens
were fabricated from the channel sections shown in Fig. 8(a). The
following discussions include: (1) preparation of specimens, (2) testing
of specimens, (3) results of tests, and (4) evaluation of the test
data.
1. Preparation of Test Specimens
The cross sectional configuration of the beam specimens used in this
investigation was shown in Fig. 9. The channel sections were
fabricated in the same manner as discussed in Article III.l.C.l.
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The cross sectional dimensions designed for the specimen used in
the study of combined web crippling and bending are listed in Table 9.
The actual measured dimensions of all beam specimens are listed in
Table 10. All pertinent parameters are presented in Table 11.
In this investigation, six foil strain gages were mounted on
both tension and compression flanges to determine the bending stress
in both flanges. (Fig. 88)
After the beam specimens were fabricated, grid lines were drawn
on the expected failure area for measurement of the deformed web.
2. Testing of Specimens
~a) Tensile Coupon Tests
The mechanical properties of the steels used for this series of
tests were presented in Table 2. See Article III.C.2 for a discussion
of the tensile coupon tests.
(b) Testing of Beam Specimens
All beam specimens were tested according to the procedure dis-
cussed in Article III.2.C.(b) for the case of interior one-flange
loading. This loading condition also represents the situation of
interior supports of continuous beams as far as the combined web
crippling and bending is concerned.
3. Results of Tests
All specimens were tested to failure. For each specimen, the
tested load, (p) ,for the presence of bending moment was recorded.
test
Also recorded is the t.ested moment, M, which was computed from (P) .test
These values are presented in Table 12.
In addition, the results of 28 web crippling tests for interior
one-flange loading are included in Table 12. This is because for these
beams M/M > 0.3.u
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4. Evaluation of Test Data
The results of 66 beam tests were used to evaluate the interaction
between bending and web crippling. In this Article, discussions are
concentrated on the following subjects:
• Comparison of the AISI Specification with the experimental results
on combined web crippling and bending.
• Development of the new interaction equation.
• Comparison of the new interaction equation with the experimental
results on combined web crippling and bending.
• Failure modes.
• Reduction of web crippling load due to the effect of bending
moment and shear.
(a) Comparison of the AISI Specification with the Experimental Results
on Combined Web Crippling and Bending
In Addendum No.2 of the AISI Specification (33), the reduction
factor of (1.3 - M/M ) for combined web crippling and bending is based
max
on the following interaction formula:
(58)
where (P) = maximum web crippling load obtained from the test in thetest
presence of bending moment, kips
(Pu)AISI = predicted ultimate web crippling load in the absence of
bending moment. It is determined by Section 3.5(a) of
(M)test =
the AlSI Specification and a safety factor of 1.85, kips
bending moment computed on the basis of (P) ,in.-kips
test
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(Mu)AISI = predicted ultimate bending moment where bending stress
only exists. It is determined by Sections 2 and 3 of
the AISI Specification and a safety factor of 1.67, in.-
kips
In order to compare the experimental results and the AISI Specifica-
tion, the values of (Pu)AISI and (Mu)AISI were computed for all test
specimens in accordance with the applicable section of the AISI
Specification. These values are listed in Table 12. Following the
calculation of the ratios of (P)test/(Pu)AISI and (M)test/(Mu)AISI' the
accuracy of Eq. (58) was determined by the ratio of A/1.3, in which A is
defined as follows:
(59)
The computed values of A/l.3 for all beam specimens having hit ~ 150
are also given in Table 12. The mean value of A/l.3 is 1.122 with a
standard deviation of 0.103, which indicates that Eq. (58) is conservative
for combined web crippling and bending.
The correlation between the test data and the interaction formula for
combined web crippling and bending (Eq. 58) is shown graphically in
Fig. 89. It seems that the following simple equation can provide a better
correlation as compared with Eq. (58):
(60)
(b) Development of the New Interaction Equation
From Fig. 89 and the standard deviation given in Table 12, it can be
seen that the scatter of test data is considerably large when (Pu)AISI
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In Addendum No.2 of the AISI Specification (33), the reduction
factor of (1.3 - M/M ) for combined web crippling and bending is based
max
on the following interaction formula:
(P)test + (M)test
() () < 1.3Pu AlSI Mu AISI
(58)
where (P) - maximum web crippling load obtained from the test in thetest -
presence of bending moment, kips
(Pu)AlSI = predicted ultimate web crippling load in the absence of
bending moment. It is determined by Section 3.5(a) of
the AlSI Specification and a safety factor of 1.85, kips
(M)test = bending moment computed on the basis of (P)test' in.-kips
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The computed values of A/l.3 for all beam specimens having hit ~ 150
are also given in Table 12. The mean value of A/l.3 is 1.122 with a
standard deviation of 0.103, which indicates that Eq. (58) is conservative
for combined web crippling and bending.
The correlation between the test data and the interaction formula for
combined web crippling and bending (Eq. 58) is shown graphically in
Fig. 89. It seems that the following simple equation can provide a better
correlation as compared with Eq. (58):
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(b) Development of the New Interaction Equation
From Fig. 89 and the standard deviation given in Table 12, it can be
seen that the scatter of test data is considerably large when (Pu)AISI
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and (Mu)AISI are computed in accordance with the current AISI Specifica-
tion.
In order to improve the correlation between the test data and the
interaction equation for combined web crippling and bending, the following
formula was developed from the test data given in Table 13.
(P)test (M)test
1.07 ( ') + (M )
Pu comp u comp
= 1.42 (61)
As shown in Fig. 90, if Eq. (61) is used to predict the interaction
between web crippling load and bending moment, the web crippling load
will not be reduced significantly when the bending moment does not exceed
35 percent of the ultimate bending capacity. It can also be seen that
when (P)t t/(P') < 0.39, the bending capacity of the beam can be
u es u comp -
fully developed without reduction.
In Eq. (61), (P )test and (M)test were previously defined. (P~)comp
is the predicted ultimate web crippling load in the absence of bending
moment computed by Eq. (32) of this report. (M ) is the
u comp













(ii) Maximum moment of the entire section governed by the bending





where (Mu)fl = computed ultimate moment on the basis of the effective
area of the compression flange and full area of the
tension flange and web, inch-kips
(M
u
)f2 = computed ultimate moment on the basis of the shear lag
consideration for both compression and tension flanges
combined with the full area of the web, inch-kips
(M) = computed ultimate moment on the basis of the effective
uw
area of the compression flange combined with the
full area of the tension flange and web, inch-kips
S = section modulus based on the effective width of the
x
compression flange determined in accordance with Section
2.3.1.1 of the AISI Specification and full widths of the
3tension flange and web, in.
S' = section modulus based on the shear lag consideration
x
(i.e. use the effective widths of both compression and
tension flanges, in accordance with section 2.3.5 of the
AISI Specification), in. 3
S" = section modulus based on the full widths of the tension flange
X
and web and the effective width of the compreseion flange
determined on the basis of Section 2.3.1.1 of the AISI




F = yield point of steel, ksiy
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k = buckling coefficient = 4+Z(l+~)3+2(l+S)
~ = If If It c
f = maximum compressive bending stress in web, ksi
c
f t = maximum tensile bending stress in web, ksi
modulus 3E = of elasticity = 29.5xlO ksi
j.l = Poisson's ratio ,= 0.3
hIt = web slenderness ratio or depth to thickness ratio of the web
~ = post buckling strength factor for the web (5,8)
= ctl ctZct3ct4
ctl = 0.017 x hIt - 0.790
ctz = 0.462Ifc/ftl+ 0.538
ct3 = 1.16- 0.16(w/t)/(w/t)lim' for stiffened compression flange
= 0.8125, for unstiffened compression flange
The computed values of S , S', and S" for the tests on combined web
x x x
crippling and bending are included in Table 11. See Tables 3 and 4 for
the additional 28 tests. The value of (M ) listed in Table 13 is
u comp
the smallest bending moment computed from Eqs. (62), (63), and (64).
Also included in Table 13 are the tested bending moments at the location
of applied load, (M)test' the tested load in the presence of bending,
(P)test' and the computed web crippling load, (P') , based on Eq. (32).
u comp
(c) Comparison of the New Interaction Equation with the Experimental
Results on Combined Web Crippling and Bending
The experimental results were compared with Eq. (61). The test data
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and the computed data are listed in Table 13. Also listed in the same
table are the ratios of (P)test/(P~)comp and (M) test/(Mu) comp. The
accuracy of Eq. (61) is indicated by the ratio of A/l.42) in which A is
defined as follows:
(65)
From Table 13) it can be seen that the mean value of the A/l.42 ratios is
1.020 with a standard deviation of 0.064. Also included in Table 13 are
the ratios of B/l.3) in which B is computed by Eq. (66).
(66)
The mean value of the B/l.3 ratios is 1.058 with a standard deviation of
0.084.
The improvement of Eq. (61) can be realized by comparing the mean
values and standard deviations presented in Tables 12 and 13.
The correlation between the test data and Eq. (61) is shown graphi-
cally in Fig. 90. It can be seen that the scatter of test data has been
reduced as compared with Fig. 89 due to the use of different formulas for
computing (P f ) and (M ) . Also shown in Fig. 90 is a straight
u comp u comp
line representing Eq. (67) as follows:
(P)test (M)test
(p f) + (M )
u comp u comp
= 1.3 (67)
It should be noted that the above equation is the same as Eq. (58) except




The type of failure mode is indicated for each specimen in Table 13.
For specimens with hIt ~ 100, crippling failure occurs underneath the
bearing plate at the location of the applied concentrated load. For
specimens no. SU-BC-I-5 and SU-BC-I-6, which have relatively high moment
ratios, the beams failed first by web crippling and then followed by
flange yielding.
For specimens with hIt ~ 150, all web crippling failures are located
underneath the bearing plates, which support the applied concentrated
loads. Figure 91 shows the type of web crippling failure for specimen
no. SU-BC-15-3.
A typical profile of the deformed web of specimen no. SU-BC-15-5 is
shown in Fig. 92. For specimens with hIt ~ 200, the failure is governed
by web crippling and web buckling as indicated in Table 13 for SU-BC-3-5
and SU-BC-3-6.
(e) Reduction of Web Crippling Load Due to the Effect of Bending Moment
and Shear
As indicated in Table 13 and Fig. 90, the ratio of (P) /(P')
test u comp
decreases as the ratio of (M) /(M ) increases. Figure 90 showstest u comp
graphically the interaction between bending moment and web crippling load
for the case of (M)t t/(M) > 0.300.
es u comp
In addition, the effect of shear stress on web crippling load has
been briefly investigated. This matter has been accomplished by studying
the relationship between the ratios of V/V and (P) /(P ) • In the
u test u R
preceding expressions, V is the actual shear force in the beam subjected
to the tested load (i.e. V = (P) /2) and V is the maximum sheartest u
capacity of the beam web computed by using Eqs. (68) to (71). They are
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= ultimate shear capacity, kips
2A = area of beam web, in.
w
T = maximum shear stress, ksi
(68)
In Eq. (68), the maximum shear stress is based on the following three
conditions whichever is applicable:
(i) Shear yielding
T = F /13y y
(ii) Shear buckling stress in the elastic range
(69)
< Tpr (70)
(iii) Shear buckling stress in the inelastic range
T = IT T·. < T
cr pr cr~ y (71)
where k = buckling coefficient = 5.34+4/a2, when a > LO
a = aspect ratio of the web element = a/h
a = length of the web element, in.
h = clear distance between the flanges measured along the
depth of the web, in.
E = modulus of elasticity, ksi
~ = Poisson's ratio
t • thickness of the web element
T = yield stress in shear, ksiy
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T . = elastic shear buckling stress, ksi
cr1
T = inelastic shear buckling stress, ksi
cr
T = proportional limit in shear assumed to be 0.8 Ty ' ksi.pr
For each beam specimen, the computed maximum shear capacity, Vu ' and the
ratio of V/V are listed in Tables 13 and 14.
u
With regard to the ratio (P)test/(Pu)R' (P)test is the actual tested
load when web crippling occurs in the specimen, and (Pu)R is the computed,
reduced web crippling load by considering the effect of bending moment.
The values of (Pu)Rl and (P
u
)R2 given in Table 14 are computed by using









Also presented in Table 14 are the ratios of (P) /(P ) l'test u R
(P)t t/(P )R2' and V/V. A graphical presentation of the effect of
es u u
shear on web crippling for all specimens subjected to (M)test ~ 0.3(Mu)comp
is shown in Fig. 93. An inspection of Fig. 93 indicates that when the
V/V
u
ratio is less than approximately 0.40, the web crippling loads are
not affected by shear in the beam webs. It is expected that shear will
not affect the web crippling load even for the beams having high V/V
u
ratios.
A composite graphical presentation for web crippling and combined web
crippling and bending is shown in Fig. 94. The ratios f (M) /(M )
o test u comp
and (P) /(P f ) are obtained from Tables 5(a) and 13.test u comp
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D. Sununary and Design Reconnnendations
1. Summary
The purpose of the investigation reported in Article IV.l was to
study the structural behavior of single, unreinforced beam webs subjected
to combined bending and web crippling load and to develop additional
design criteria as necessary.
The following conclusions can be drawn on the basis of the results of
66 beam tests having single, unreinforced webs.
a. For beam specimens subjected to combined bending and web crippling,
Eq. (61) provides good correlation with the test results.
b. When the ratio of (M)t t/(M) exceeds 0.35, the presence of
es u comp
bending moment will noticeably reduce the web crippling capacity.
c. For the beams having V/V < 0.40 used in the tests, the presence
u-
of shear force does not significantly reduce the web crippling
load. It is expected that even for beams having high shear stress,
the web crippling capacity will not be significantly reduced.
d. A new design formula for combined web crippling and bending was
developed for the hit ratio up to 200.
e. The reduction factor of (1.3 - M/M ) being used in the AISI
max
Specification for combined web crippling and bending was found
to be conservative for beams subjected to high moment ratios.
2. Design Recommendations
Based on the research findings obtained from this investigation, the
following interaction formula is proposed for the single, unreinforced
webs subjected to combined bending and web crippling. This equation can
be used for the hit ratio up to 200.
P M




In the ~~0ve formula,
P - concentrated load or reaction in the presence of bending
moment, kips
P = allowable concentrated load or reaction in the absence of
max
bending moment, kips




allowable bending moment permitted if bending stress only
exists, inch-kiVs
It should be noted that Eq. (74) was developed on the basis of the
specimens subjected to the following limitations:
• web slenderness ratio, 44 ~h/t ~ 200.
• bend inside corner radius to thickness ratio, 1 < R/t < 3.
• bearing length to thickness ratio, 12 < NIt < 65.
• yield point of steel, 33 < F < 55 ksi.
- y-
• thickness of material, 0.046 < t < 0.065 in.
In the derivation of Eq. (74), a safety factor of 1.85 was used for
web crippling load and a factor of 1.67 was used for bending. See Fig.
94a for Eqs. (61) and (74) based on the ultimate load and allowable load
respec tively •
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IV.2 I-Sections Having Unreinforced Webs
A. General
During the past few years, a considerable amount of research on
combined bending and web crippling of cold-formed steel members have
been conducted (23, 25,26,28). However, the majority of the work as
discussed in Section II.B of the literature survey deals with a combin-
ation of web crippling and bending of cold-formed steel beam webs having
single, unreinforced webs (25,28). In this phase of study, I-beams
having high degree of restraint against rotation of webs were considered.
The purpose of this experimental investigation was to evaluate
the interaction between bending and web crippling for beam specimens
having high degree of restraint against rotation of webs.
B. Analytical Study
In Article IV.I.B, the significant parameters which affect the
strength of beam webs under combined bending and web crippling were
established. The discussion on single, unreinforced webs is equally
applicable to the case of I-sections having unreinforced webs. Because
of the complex nature of the problem, the interaction between web
crippling and bending for I-beams will be investigated in the following
section on the basis of an experimental study.
C. Experimental Study
In this experimental investigation consideration was given to the
interaction between bending and web crippling for I-beams subjected
to various bending moments at the locations of concentrated loads.
A total of 48 I-beam specimens having unreinforced webs were
tested. All beam specimens were fabricated from the channel sections
as shown in Fig. 8(a). The following discussions include:
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(1) preparation of specimens, (2) testing of specimens, (3) results of
tests, and (4) evaluation of the test data. During the evaluation, the
information presented in Ref. 5 for bending of beam webs and the discus-
sion included in Section 111.2 of this report for web crippling strength
of I-beams having unreinforced webs have been used.
1. Preparation of Test Specimens
The cross sectional configuration of the I-beam specimens used
in this investigation is shown in Fig. 47. The fabrication details
of beam specimens were discussed in Article III.2.C.l.
The cross sectional dimensions of beam specimens used in this
study are listed in Table 9. The actual measured dimensions of all
beam specimens are listed in Table 15. The pertinent parameters and
sectional properties are presented in Table 16. In this investigation,
six foil strain gages were mounted on both top and bottom flanges
to determine the bending stresses in both flanges (Fig. 95).
After the beam specimens were fabricated, grid lines were drawn
on the expected failure area for measurements of the deformed webs.
2. Testing of Specimens
(a) Tensile Coupon Tests
The mechanical properties of the steels used for this series of
tests were presented in Table 2. See Article III.C.2 for a discussion
of the tensile coupon tests.
(b) Testing of Beam Specimens
All beam specimens were tested according to the procedure dis-
cussed in Article III.2.C.(b). Figure 96 shows the test setup of
beam specimens.
3. Results of Tests
All 48 specimens were tested to failure. The tested failure
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loads, (P)test' and the bending moments, M, corresponding to the
loads (P)test were recorded. These values are presented in Tables l7(a)
and l7(b).
In addition, the results of 33 Cornell tests and 25 UMR tests
are included in Tables l7(a) and l7(b) because for these beams the
moment ratios M/M exceed 0.40. The reason for using 0.40 instead
u
of 0.30 is because a review of the test data on I-beams indicates that
there is no significant reduction of web crippling load when the
actual bending moment is less than 0.4 M •
u
4. Evaluation of Test Data
The results of 106 beam tests were used to evaluate the
interaction between bending and web crippling. In this Article, dis-
cussions are concentrated on the following subjects:
• Development of the interaction equation based on regression
analysis and comparison of the experimental results with the
interaction equation.
• Failure modes.
• Reduction of web crippling load due to the effect of bending
moment and shear.
(a) Development of the Interaction Equation Based on Regression Analysis
and Comparison of the Experimental Results with the Interaction
Equation
Prior to the development of an interaction equation for combined web
crippling and bending, the results of I-beam tests have been evaluated in
the same manner as the single, unreinforced webs. The computed ratios of
(P)t t/(P') and (M)t t/(M) are listed in Table 17. By usinges u comp es u comp
these computed load and moment ratios, the test data was plotted in
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Figs. 97 and 98 according to different hIt and wIt ratios. From Fig. 98
and Table l7(b), it was found that even though an interaction equation
can be obtained from the regression analysis as given in Fig. 98 for the
test specimens having hIt < 400/~ and wIt < (w/t)l" , practically there
- y - 1m
is no interaction between the web crippling load and bending moment. In
other words, for this particular case, the bending moment has little or
no effect on the web crippling load. For this reason, the following
interaction formula for combined web crippling and bending of I-beams
was developed on the basis of the test data given in Table l7(a)~ This
equation is also shown graphically in Fig. 97.
In Eq. (75),
(P)test





(P)test = maximum web crippling load obtained from the test in the
presence of bending moment, kips
(P') = predicted ultimate web crippling load in the absence ofu comp
bending moment. It is computed by using Eq. (50), kips
(M)test = bending moment computed on the basis of (P) t' in.-kipstes
(M ) = predicted ultimate bending moment where bending stressu comp
only exists. It is computed by using Eqs. (62) to (64),
whichever is smaller, in.-kips.
The accuracy of Eq. (75) is indicated by the ratio of C/l.18 listed
in Table l7(a), for which the value of C is computed by Eq. (76).
(P)t·t + (M)test
C = O. 61 (P f) es M (76 )
u comp (u) comp
* Equation (75) is applicable only for (1) h/t.~ 400/IF
y
and wIt> (w/t)lim'
and (2) 400/1F < hIt < 200 combined with any value of wIt.y
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The mean value of the C/l.18 ratios is 1.052 with a standard deviation
of 0.095.
It should be noted that Eq. (75) was developed by using a regression
analysis. This equation indicates that as long as the (P) I(P')test u comp
ratio is not more than 0.29 the I-beam can resist the full bending moment
capacity without reduction. See Fig. 97. In view of the fact that for
single, unreinforced webs with (M)t t/(M) = 1.0, the limiting ratio
es u comp
of (P) t/(P') is 0.39 according to Eq. (61) as shown in Fig. 90,tes u comp
it would be convenient to use the same ratio of (P) I(p') - 0.39test u comp
(point A in Fig. 97) for I-beams. In addition, a slight conservative
approach may be taken to select point B as the limiting moment ratio, for
which (M)t t/(M) = 0.5. Consequently, the following formula was
es u comp
developed for I-beams subjected to combined web crippling and bending.
(P)test (M)test
0.82 (P') + (M )
u comp u comp
= 1.32 (77)
The accuracy of Eq. (77) is indicated by the ratio of D/l.32 listed
in Table l7(a), for which the value of D is computed by Eq. (78).
(P)test (M)te~t
D = 0.82 (P') + (M )
u comp u comp
(78)
The mean value of the D/l.32 ratios is 1.068 with a standard deviation of
0.101.
(b) Failure Modes
The types of failure modes are indicated for all specimens in
Tables l7(a) and l7(b). For specimens with hIt ~ 50, the beam failed
first by web crippling and then following by flange yielding. For
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specimens with h/t ~ 100 all web crippling failures are located under-
neath the bearing plates, which support the applied concentrated loads.
Figure 99 shows the type of web crippling failure for specimen no.
I-BC-9-4. For specimens having hit ratios of web ~ 150 and 200, the
failure was governed by a combination of web crippling and web buckling.
Figure 100 shows the type of failure for specimen no. I-BC-9'-5, which was
governed by web crippling and web buckling. A typical profile of the
deformed web of specimen I-BC-9'-3 is shown in Fig. 101.
(c) Reduction of Web Crippling Load due to the Effect of Bending Moment
and Shear
As given in Tables l7(a) and l7(b), the ratio of (P) /(P')test u camp
decreases as the ratio of (M) t/(M) increases. Figure 97 showstes u camp
graphically the interaction between bending moment and web crippling load
for the case of M/M > 0.400.
u
In addition, the effect of shear stresses on web crippling load has
been briefly investigated. As indicated in Tables l8(a) and l8(b), the
ratios of V/Vu and (P)test/(Pu)R for each beam specimen have been computed.
The symbols V, Vu ' (P)test and (Pu)R were defined in Article IV.l.C.4.
The values of (Pu) R3 to (pu) R5 used in Table 18 were computed by using
Eqs. (79) to (81).
(P)R3
(M)test






= (1.32 - (M ) ) x ---::.....;;:..~-
U camp 0.82
(80)
( p ) ( (M) test (P~) campu R5 = 1.38 - (M ) ) x --::~:...=;..
u camp 0.56
Also presented in Tables 18(a) and l8(b) are the ratios of
(81)
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(P)test/(Pu )R3' (P)test/(Pu)RS and V/Vu ' Graphical presentations of
V/V versus (P) /(P ) 4 for all specimens included in Table 18(a) are
u test u R
shown in Fig. 102.
An inspection of Fig. 102 indicates that when the ratio V/V is
u
less than 0.8, the web crippling loads are not affected by shear in the
beam webs when due consideration is given to the effect of bending moment.
The same conclusion can be drawn for the specimens included in Table 18(b).
A complete graphical presentation for web crippling and combined web
crippling and bending is shown in Fig. 103. The ratios of (M) /(M )
test u comp
and (P) /(P') are obtained from Tables 17(a) and 17(b).test u comp
(d) Comparison Between the Current AISI Design Formulas and the Available
Test Data.
Currently, Section 3.S(b)(2) of the AISI Specification does not
include any modification factor to reduce the allowable web crippling
loads for the I-beams subjected to a considerable amount of bending
moment at or immediately adjacent to the interior support or concentrated
load. The reason for not including any reduction factor in Addendum No. 2
of the AISI Specification for the case of combined web crippling and
bending of I-beams is because the test data was not available in 1976
when the Addendum was prepared by the AISI Task Group on Specification.
In order to compare the current AISI design criteria with the
available test data, the predicted web crippling load, (Pu)AISI' and the
predicted ultimate bending moment, (Mu)AISI' were computed by using the
AISI design equations and the applicable factors of safety. These computed
values are listed in Table 17(c). The ratios of (P)test/(Pu)AISI and
(M) /(M ) were used to plot Figs. 103a and 103b. It can be seentest u AISI
that for I-beams the web crippling strength is significantly reduced by
the presence of bending moment. When the actual applied bending moment
is close to the ultimate moment of the I-beam, Section 3.S(b)(2) is unsafe
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by as much as 60%.
It has been realized that the scatter of test data is considerably
large. This fact is possibly due to the following reasons:
The tests used in this comparison were conducted in two different
laboratories.
Different ranges of material thicknesses and yield points of
steels and different types of stress-strain curves were used for
the Cornell and UMR tests.
The current AISI design formula included in Section 3.5(b)(2) of
the AISI Specification does not reflect the effect of hit, t, and
F on the web crippling loads of I-beams.y
The cross sections of test specimens had initial imperfections due
to cold forming and fabrication.
From Figs. 103a and 103b, it can also be seen that the reduction
factor currently included in Addendum No. 2 of the AISI Specification for
single, unreinforced webs may be used for the design of I-beams.
D. Summary and Design Recommendations
1. Summary
The objective of the investigation reported in Article IV.2 was to
study the structural behavior of cold-formed steel I-beam webs subjected
to combined bending and web crippling load and to develop additional
design criteria ciS necessary.
The following conclusions can be drawn on the basis of 106 I-beam
specimens having high degree of web restraint.
a. Section 3.5(b)(2) of the current AISI Specification was found
to be unsafe for predicting the allowable concentrated load and
reaction when the I-beams are subjected to high bending moment at
or immediately adjacent to the load or interior support.
b. For I-beams having hit < 400/~ combined with (wIt) < (wIt) . ,
- y - h.m
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the web crippling load will not be affected by the presence of
bending moment if the values of (P' ) and (M ) are computed
u comp u comp
from the equations proposed in this report.
c. For I-beams having the web slenderness ratios and flange flat
width ratios other than the combination of hit and wit ratios
indicated in Item (b), Eq. (75) provides a good correlation with
the test data. For the purpose of practical design, Eq. (77) is
recommended for I-beams subjected to combined web crippling and
bending.
d. When the shear ratio v/v ~ 0.80, the presence of shear force
u
does not significantly affect the web crippling load.
e. The interaction formula developed for combined web crippling and
bending is applicable for hit ratios up to 200.
2. Design Recommendations
Based on the research findings obtained from this investigation, the
following design provisions are recommended for I-beams having unreinforced
webs when they are subjected to combined bending and web crippling. These
design provisions are applicable for the hit ratio up to 200.
a. For I-beams having hit < 400/~ combined with wit < (w/t)l" and
- y - 1m
subjecting to a combination of partial edge loading and bending,
the allowable concentrated load or reaction will not be affected
by the presence of bending moment.
b. Except for the combinations of hit and wit ratios specified in
Item (a), the following formula is proposed for I-beams sub-
jected to combined bending and web crippling. This equation




In the above expression,
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P = concentrated load or reaction in the presence of
bending moment, kips
P = allowable concentrated load or reaction in the absence
max
of bending moment, kips
M = applied bending moment at or immediately adjacent to P,
inch-kips
Mmax = allowable bending moment permitted if bending stress only
exists, inch-kips
It should be noted th,"t the above interaction formula was developed
on the basis of Eq. (77) by using a factor of safety of 2.0 for web
crippling load and a factor of 1.67 for bending. The test specimens used
for developing Eq. (77) are subjected to the following limitations:
• web slenderness ratio, 50 ~ hIt ~ 200.
• bearing length to thickness ratio, 14 ~ NIt < 60.
• yield point of steel, 30.2 < F < 53.8, ksi
- y
• thickness of materials, 0.046 < t < 0.110 in.
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V. EFFECT OF BEARING LENGTHS ON WEB CRIPPLING LOADS
FOR BEAMS HAVING UNREINFORCED WEBS
V.I Singl~ Unreinforced Webs
A. General
In the experimental study reported in Article III.I.C, the web
crippling tests were conducted by using the relatively short bearing
lengths ranged from I to 3 inches which give the Nit ratios up to
approximately 60. However, longer bearing lengths are often used in
building construction and other applications particularly when cold-
formed steel beams and decks are supported by hot-rolled, wide flange
shapes and masonry walls. For this reason, additional tests have been
conducted for the purpose of determining the effect of bearing lengths
on web crippling of beams having single, unreinforced webs. The bearing
length~ used for this series of tests were from 3 to 7 inches. Details
of this experimental study are discussed in Item B of this Article.
B. Experimental Study
A total of 40 web crippling tests were performed in this portion of
the investigation. Among these tests, 22 beam specimens were tested
under the interior one-flange loading and the remaining 18 beam specimens
were tested under the end one-flange loading. The dimensions of
specimens used for this series of web crippling tests are listed in
Tables 19(a) , (b) and (c). The pertinent parameters and sectional
properties of the specimens are listed in Tables 20 (a) , (b) and (c).
·The method used for preparing the test specimens and the test
procedure are the same as that discussed in Article II.I.C.
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c. Evaluation of Test Data
1. Interior One-Flange Loading
For the 22 tests subjected to the interior one-flange loading, the
tested failure loads in the presence of bending moments are recorded in
Table 21. Also listed in this table are the values of (M) determinedtest
from (P) and the values of (M) computed by Eqs. (62) to (64).
test u comp
Because the ratios of (M) /(M ) vary from 0.175 to 0.521, some oftest u comp
the tested failure loads have been affected by the bending moments and
therefore could not be readily used for an evaluation of the effect of
bearing lengths on web crippling loads.
Based on the study of sing1~ unreinforced webs subjected to a
combination of web crippling loads and bending moments discussed in
Article IV.1.C, it was found from Eq. (61) that the web crippling load
will not be affected significantly when (M) /(M ) < 0.35. It istest u comp -
therefore believed that for the beam specimens having (M) /(M ) >0.35,test u comp
the ultimate web crippling loads in the absence of bending moment can be
calculated from the tested failure loads, (P) , by eliminating the
test
effect of bending moments. According to Eq. (61), this can be done by
using the following formula:
conv 1.07 (P)test(P ) = -:---;-;:---=~-.::.::;.;:;.::..~--
U test 1.42 - (M) /(M )
test u comp
(82)
where (P ) conv =u test ultimate web crippling load in the absence of bending
moment converted from the tested load, (P) , by
test
eliminating the effect of bending moment.
By using a regression analysis of the values of (P )conv for specimens
u test
having (M) /(M ) > 0.35 and the values of (P) for specimenstest u comp test
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having (M)t t!(M) '. < 0.35, it was found that for the case of using
es u comp -
long bearing lengths, the web crippling load of single unreinforced webs




(P') = --L C C [16317 - 22.S2(h)]
u comp 103 1 2 t
x [0.798 + 0.0111(:)]
where CI and C2 were defined on page 36.
A comparison of the above equation with Eq. (32) indicates that
these two equations are the same except that the functions involved with
the N/t ratio 'are different. This means that the function of
[1 + 0.0069(N/t)] can be used for small N/t ratios and that
[0.798 + O.Olll(N!t)] should be used for large Nit ratios. As discussed
in Article II.1.C.4, the upper limit of N/t for using the function of
[1 + 0.0069(N/t)] may be considered as 60. On the basis of this selection,
the function of [0.748 + O.Olll(N/t)] may be used for the case of
N/t > 60 as shown in Fig. 104. Consequently, Eq. (83) can be used as a
general formula for computing the ultimate web crippling load for single,
unreinforced webs subjected to interior one-flange loading.
(P~) comp (83)
In Eq. (83),
(P') = predicted ultimate web crippling load, kips
u comp
Cl = 1.22 - 0.22(Fy/33)
C2 = 1.06 - 0.06(R/t)
C13 = 16317 - 22.52(h/t)
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C14 = 1 + 0.0069(N/t), when NIt < 60
= 0.748 + O.Olll(N/t), when NIt> 60*
t = web thickness, in .•
F = yield point of steel, ksiy
Based on Eq. (83), the values of (P~)comp were computed as given in
Table 22. For the 14 test specimens having (M)test/(Mu)comp > 0.35, the test
results were compared with the interaction formulas (Eqs. (61) and (67»
in the same manner as reported in Table 13. Reasonably good correlations
between the test data and the interaction formulas are noted in Fig. 105.
It should be noted that in the application of Eq. (83), the actual
N values were used in the calculations even though for some cases they are
larger than h. This is different as compared with the current AISI design
requirements, in which the value of N must not be taken greater than h.
2. End One-Flange Loading
The test results for singl~ unreinforced webs subjected to the end
one-flange loading are given in Table 23 for eight beam specimens having
stiffened flanges. Because bending moment was not involved in this type
of tests, the tested failure loads, (P)t t' can be used directly in the
u es
evaluation of the effect of bearing lengths on web crippling load.
By using the same approach as discussed previously for the interior
one-flange loading, the following two general formulas have been developed
for singl~ unreinforced webs subjected to end one-flange loading:
a. For Beams Having Stiffened Flanges Subjected to End One-Flange
Loading
(84)
* An increase in the slope of C 4 is due to the increase of bearing
lengths. References 34 and 21 indicate that the buckling coefficient
and postbuckling strength for web crippling increase as the N/a ratio
increases.
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b. For Beams Having Unstiffened Flanges Subjected to End One-
Flange Loading
(P~) comp (85)
In Eqs. (84) and (85),
(P~)comp - predicted ultimate web crippling load for single,
unreinforced webs, kips
C3 = 1.33 - O.33(Fy/33)
C4 = 1.15 - 0.15(R/t)
C15 = 10018 - l8.24(h/t)
C16 = 1 + 0.0102(N/t), when Nit < 60
= 0.922 + 0.0115(N/t), when Nit > 60
C17 = 6570 - 8.5l(h/t)
C18 = 1 + O.0099(N/t), when Nit < 60
= 0.706 + 0.0148(N/t), when Nit ~ 60
See Figs. 106 and 107 for the effect of Nit ratios on web crippling loads.
The accuracy of predicting the web crippling loads on the basis
of Eqs. (84) and (85) is indicated by the mean value of (P ) I(P')
u test u comp
ratios and the standard deviation presented in Tables 23 and 24. In the
calculations, the actual N values were used in Eqs. (84) and (85).
For the case of interior and end two-flange loading, no tests were
conducted to study the effect of bearing length on web crippling load.
Equations (35) and (36) may be used for any value of the Nit ratios.
D. Design Recommendations
Based on the findings of this portion of the investigation, the
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following modified AISI design formulas are recommended for the design
of beams having single, unreinforced webs using long bearing lengths:
Web Crippling of Beams Having Single, Unreinforced Webs
To avoid crippling of unreinforced beam webs having a flat width
ratio, hIt 2 200 and N/t > 60,* concentrated loads and reactions shall
not exceed the value P given below. Webs of beams for which the
max
ratio, hIt, is greater than the above limit shall be provided with
adequate means of transmitting concentrated loads and/or reactions
directly into the webs.
1.1 For end reactions or for concentrated loads on outer ends of
cantilevers
1.1.1 Beams with stiffened flanges:
(86)
x [0.922 + 0.0115(N/t)]
1.1.2 Beams with unstiffened flanges:
(87)
x [0.706 + 0.Ol48(N/t)]
1.2 For reactions of interior supports or for concentrated loads
located anywhere on the span of beams with stiffened or
unstiffened flanges:
*For Nit < 60, see Article II.l.C.4.








x 3t x Cl CZ[Z91.06 - O.40(h/t)]
(88)
x [0.748 + O.Olll(N/t)]
1.3 For two opposite, concentrated loads applied simultaneously to







x 3t x C3C4 [132.20 - 0.3l(h/t)][1 + 0.0099(N/t)] (89)
1.4 For two opposite, concentrated loads applied simultaneously to
both top and bottom flanges at interior supports and anywhere




= t 2 x if x Cl CZ[4l6.62 - 1.2Z(h/t)]
(90)
x [1 + 0.0013(N/t)]
1.5 For corner radii larger than 4t, tests shall be made in
accordance with Section 6 of the AISI Specification (3).
For loads located close to ends of beams, provisions 1.2 and 1.4
apply, provided that for cantilevers the distance from the free end to
the nearest edge of bearing, and for a load close to an end support the
clear distance from edge of end bearing to nearest edge of load bearing
is larger than 1.5 h. Otherwise provisions 1.1 and 1.3 apply.
In the above formulas,
P = allowable concentrated load or reactions, kips, per web
max
t = web thickness, in.
N = actual length of bearing, in.
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h = clear distance between flanges measured along the plane of
web, in.
F = yield point, ksiy
R = inside bend radius, in., except that R shall not be greater
than 4t
F
Cl = (1.22 - 0.22 x TI-)
Cz (1. 06 0.06 x R/t)F
C3 (1. 33 0.33 x TI-)




The above formulas were derived from Eqs. (83) to (85) with a safety






V.2 I-Sections Having Unreinforced Webs
A. General
Same as the beams having singl~ unreinforced webs reported in
Article V.l, I-sections having unreinforced webs are often supported by
hot-rolled, wide flange shapes and masonry walls. The effect of bearing
lengths on web crippling loads has also been studied by conducting
additional tests. This Article discusses the experimental study, evalua-
tion of test data and design recommendations.
B. Experimental Study
A total of 16 web crippling tests were conducted for the purpose of
studying the influence of bearing lengths on web crippling loads for
I-sections made of two channels. Among the 16 tests, eight tests were
subjected to the interior one-flange loading and the other eight tests
were subjected to the end one-flange loading. The dimensions of test
specimens are given in Tables 25(a) and (b). Tables 26(a) and (b) contain
the pertinent information on various parameters which are required for
calculation.
The method used for preparing the test specimens and the procedure
used for testing are the same as that described in Article III.Z.C.
C. Evaluation of Test Data
1. Interior One-Flange Loading
The test results for the interior one-flange loading are recorded
in Table 27. By using the same approach discussed in Article V.l.C for
singl~ unreinforced webs, the following equation was used to compute the
values of (P )conv for the specimens with (M)t t/(M) > 0.55.
u test es u comp
0.6l(P) testP conv
( u)test = 1.18 - eM) I(M)test u comp
(91)
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It can be ~prn that Eq. (91) is based on Eq. (75) which was established
in Article IV.2.C.4 for combined web crippling and bending.
On the basis of Eq. (50) and the values of (Pu)~~~~ listed in Table 27.
Eq. (92) was developed for prediction of the web crippling load for
I-sections subjected to interior one-flange loading. It can be used as
a general formula for various N/t ratios.
(P~) comp (92)
where (P')
u comp predicted ultimate web crippling load. kips
C
s
= 1.49 - O.53(Fy /33)
C6 0.88 + 0.12(t/0.075)
C19 1:1 15 + 3.2slN7't, when N/t < 60
23 + 2.21 1N7t. when N/t > 60
t = web thickness, in.
F yield point of steel, ksiy
Fig. 108 shows the effect of N/t ratios on the web crippling loads
for I-sections subjected to interior one-flange loading.
In order to compare the teet results with the interaction formulas
for combined wer crippling and bending, the values of (P') were
u comp
computed in accordance with Eq. (92) by using the actual N values. They
are listed in Table 28. The accuracies of the interaction formulas are
indicated by the mean values and standard deviations of the ratios of
C/l.18 and D/l.32 as given in Table 28. Figure 109. shows the correlations
between the test results and Eqs. (75) and (77).
2. End One-Flange Loading
The test results of eight I-beams having stiffened flanges are listed
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in Table 29. Based on the tested failure loads and Eq. (51), the fo11ow-
ing general equation was developed for predicting the web crippling load
for I-sections subjected to one-flange loading.
(P~) comp (93)
where (P~) comp = predicted web crippling load, kips
C7 = 1.34 - 0.083(F /33)y
C8 = 1.0
CzO = 10 + 1. 25v"N7t, when N/t ..s. 60
= 8.14 + 1.49/NTt, when N/t > 60
t = web thickness, in.
F = yield point of steel, ksiy
Fig. 110 shows the effect of bearing length on web crippling load
for I-sections subjected to end one-flange loading.
For two-flange loading conditions, Eqs. (52) and (53) can be used
for any value of Nit ratios.
D. Design Recommendations
Based on the research findings obtained from this phase of investi-
gation, the following design recommendations are proposed to prevent web
crippling of unreinforced webs of I-beams having hit < 200 and N/t > 60.




2. For reactions of interior supports or for concentrated loads




3. For two oppostie, concentrated loads applied simultaneously to
both top and bottom flanges at the end of the beam
(56)
4. For two opposite, concentrated loads applied simultaneously to
both top and bottom flanges at interior supports and anywhere
on the span
(57)
All symbols are defined on page 63. Equations (94) and (95) are derived











233ClOt [7.S+I.625/NTt], when hit ~ 66.5
233ClOt [l.lO-(h/t)/66S][7.S+1.62S/N/t], when hit> 66.S(57b)
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VI. CONCLUSIONS
In this investigation, the objective was to study the structural
behavior of cold-formed steel beam webs subjected to web crippling, and
combined web crippling and bending. Based on the experimental study
conducted at the University of Missouri-Rolla and previous tests conducted
at Cornell University, the research findings are summarized as follows:
A. Web Crippling of Beams Having Single, Unreinforced Webs
In this study, 130 beam tests have been conducted at the University
of Missouri-Rolla. An evaluation of the UMR test data together with the
results of 94 Cornell tests indicates that the basic equations which were
used to develop the current AISI Specification provide good results for
beam webs having hIt ~ 150 when they are subjected to end one-flange
loading, interior one-flange loading and interior two-flange loading.
On the basis of the results of 224 beam tests, modified equations were
developed and design recommendations were proposed to prevent web
crippling of single, unreinforced webs having hIt ratios larger than 150.
B. Web Crippling of I-Beams Having Unreinforced Webs
The results of 230 I-beam tests (127 tests conducted at UMR and 103
beam tests conducted at Cornell University) indicate that the basic
equations used for development of the AISI Specification may overestimate
the web crippling strength for cold-formed steel beams made of thin, high
strength material with hIt larger than 150. For this case, modified
equations were developed by adding two correction factors which depend on
the yield point and thickness of the steel. For the two-flange loading
condition, the hIt ratio is also included in the modified equations.
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C. Combined Web Crippling and Bending for Beams Having Single,
Unreinforced Webs
The results of 48 UMR beam tests and 18 Cornell beam tests were used
to evaluate the effect of bending on the web crippling load for specimens
having single, unreinforced webs. The interaction formula currently used
in Addendum No. 2 of the AISI Specification was found to be conversative
for beams subjected to high moment ratios. Based on the regression
analysis of the available test data, a different interaction formula has
been developed in this study.
D. Combined Web Crippling and Bending for I-Beams Having Unreinforced
Webs
The problems of combined web crippling and bending for I-beams
having high degree of restraint against rotation of webs were also
studied experimentally.
The results of 106 beam tests (73 UMR tests and 33 Cornell tests)
were used in the evaluation. Based on the regression analysis, a
different interaction formula has been developed for I-beams when they
are subjected to combined web crippling and bending.
E. Effect of Bearing Lengths on Web Crippling Loads for Beams Having
Unreinforced Webs and the. Haximum hIt Ratios
A total of 40 tests have been conducted for studying the effect of
bearing lengths on web crippling loads. Based on the test data, addi-
tional design forI"ulas have been developed for using long bearing plates.
The modified formulas developed for web crippling and the interaction
formulas derived for a combination of web crippling and bending can be
used for beam webs having hIt ratios up to 250 except that for the beams
having unstiffened flanges the hIt ratio should be limited to 200.
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TABLE 1
CHANNEL SECTIONS DESIGNED FOR EXPERIMENTAL INVESTIGATION
Channel Dimensions (in.) Fy
Total
No. LengthD B d t hIt (ksi) (in. )
1 9.696 1.500 0.600 0.048 200 43.82 144
2 12.090 1.500 0.600 0.048 250 43.82 144
3 7.300 2.000 0.600 0.048 150 47.12 144
3' 6.990 1.940 0.600 0.046 150 33.46 144
4 4.900 2.150 0.600 0.048 100 47.12 144
5 6.100 2.650 0.600 0.048 125 47.12 144
5' 7.250 1. 750 0.550 0.061 120 47.13 192
6 7.250 1. 750 0.550 0.076 100 42.86 192
6' 7.300 3.140 0.600 0.048 150 47.12 144
6" 6.990 3.010 0.600 0.046 150 33.46 144
9 6.990 3.500 0.600 0.046 150 33.46 144
12 7.300 1.500 0.600 0.048 150 53.79 144
12' 5.438 4.000 1.000 0.1046 50 45.68 120
16 3.940 2.500 0.600 0.048 80 53.79 144
17 4.875 1.438 - 0.048 100 36.26 144
18 9.688 2.125 - 0.048 200 36.26 144
lq q.6RR a i\?C;
-
o 04R 200 36 26 144
Note: See designation of symbols in Figure 8.
TABLE 2
MECHANICAL PROPERTIES OF TEST SPECIMENS
F F Elongation Commentsy u (percent)*(ksi) (ksi)
53.79 73.08 29 Sharp Yielding
47.13 60.55 37 Sharp Yielding
47.12 62.61 35 Sharp Yielding
45.68 61. 97 41 Sharp Yielding
43.82 55.73 29 Sharp Yielding
43.60 60.38 35 Sharp Yielding
42.86 57.79 33 Sharp Yielding
36.88 48.31 41 Sharp Yielding
36.26 51.34 30 Sharp Yielding
33.46 49.94 28 Gradual Yielding
*2 - in. gage length
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IOF - Interior one-Flange Loading
EOF - End One-Flange Loading
ITF - Interior TWo-Flange Loading
ETF - End TWo-Flange Loading













DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS- SINGLE. UNREINFORCED WEBS
Total
Specimen Cross-Section Dimensions (in.) Length
No. t B1 B2 B3 B4 d1 d2 D1 D2 BB h K (in.)
SU-1-IOF-1 0.0480 1.548 1.501 1.464 1.500 0.617 0.690 9.923 9.924 7 9.829 0.1330 42
SU-1-IOF-2 0.0475 1.470 1.502 1. 519 1.476 0.597 0.671 9.988 10.02 7 9.908 0.1250 42
SU-I-IOF-5 0.0485 1.469 1.464 1.507 1.500 0.686 0.602 9.966 9.937 7 9.855 0.1250 42
SU-1-IOF-6 0.0480 1. 493 1.513 1.493 1.498 0.661 0.679 9.918 9.971 7 9.849 0.1250 42
SU-I-EOF-l 0.0475 1.496 1.524 1.512 1.463 0.617 0.677 9.982 9.973 7 9.883 0.1250 42
SU-I-EOF-2 0.0480 1. 491 1.454 1.495 1.520 0.696 0.610 9.940 9.982 7 9.865 0.1250 42
SU-I-EOF-5 0.0490 1.515 1.512 1.491 1.497 0.649 0.619 9.980 9.936 7 9.860 0.1250 42
SU-I-EOF-6 0.0500 1.515 1.550 1.514 1.465 0.604 0.667 9.957 9.966 7 9.864 0.1406 42
SU-1-ITF-1 0.0480 1.474 1.455 1.479 1.527 0.676 0.611 9.960 9.950 7 9.859 0.1250 21
SU-I-ITF-2 0.0475 1.495 1.474 1.482 1.486 0.663 0.613 9.964 9.922 7 9.848 0.1250 21
SU-I-ITF-5 0.0480 1.461 1. 463 1.466 1.509 0.630 0.663 9.991 9.918 7 9.859 0.1250 21
SU-1-ITF-6 0.0470 1.506 1.480 1.467 1.494 0.643 0.638 9.975 9.943 7 9.863 0.1250 21
SU-1-ETF-1 0.0460 1.480 1.475 1.476 1.484 0.650 0.643 9.919 9.915 7 9.825 0.1250 21
SU-1-ETF-2 0.0470 1.472 1.476 1.451 1.510 0.663 0.641 9.922 9.954 7 9.844 0.1250 21
SU-1-ETF-5 0.0475 1.475 1.452 1.493 1.471 0.648 0.658 9.956 9.928 7 9.847 0.1250 21





DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTs- SINGLE, UNREINFORCED WEBS
~--~- ---_.-
Specimen Cross-Section Dimensions (in.) Total
No. t B1 B2 B3 B4 d1 d2 D1 D2 BB h R length(in. )
SU-2-IOF-1 0.0490 1.500 1.525 1.447 1.461 0.632 0.688 12.34 12.35 7 12.25 0.1250 48
SU-2-IOF-2 0.0500 1.475 1.439 1.482 1.514 0.683 0.682 12.31 12.31 7 12.21 0.1250 48
SU-2-IOF-5 0.0480 1.497 1.531 1.432 1.497 0.647 0.706 12.30 12.31 7 12.21 0.1250 48
SU-2-IOF-6 0.0490 1.482 1.485 1.474 1.500 0.662 0.668 12.33 12.36 7 12.25 0.1250 48
SU-2-EOF-1 0.0485 1.470 1.455 1.441 1.460 0.698 0.719 12.25 12.20 7 12.13 0.1250 48
SU-2-EOF-2 0.0480 1.457 1.466 1.464 1.455 0.714 0.729 12.22 12.22 7 12.12 0.1250 48
SU-2-EOF-5 0.0480 1.453 1.454 1.450 1.433 0.693 0.750 12.30 12.28 7 12.19 0.1250 48
SU-2-EOF-6 0.0470 1.443 1.488 1.473 1.495 0.727 0.691 12.27 12.22 7 12.15 0.1250 48
SU-2-ITF-1 0.0480 1.473 1.492 1.541 1.495 0.646 0.616 12.36 12.32 7 12.24 0.1250 24
SU-2-ITF-2 0.0475 1.464 1.482 1.507 1.565 0.652 0.595 12.30 12.31 7 12.21 0.1250 24
SU-2-ITF-5 0.0480 1.463 1.450 1.422 1.506 0.688 0.711 12.21 12.30 7 12.16 0.1250 24
SU-2-ITF-6 0.0470 1.476 1.437 1.474 1.465 0.689 0.737 12.28 12.15 7 12.12 0.1250 24
SU-2-ETF-1 0.0470 1.531 1.485 1.470 1.439 0.630 0.711 12.30 12.31 7 12.21 0.1250 24
SU-2-ETF-2 0.0490 1.498 1.555 1.442 1.467 0.614 0.710 12.31 12.31 7 12.21 0.1250 24
SU-2-ETF-5 0.0470 1.527 1.499 1.448 1.442 0.628 0.685 12.34 12.32 7 12.24 0.1250 24





DIMENSLONS OF SPECIMENS FOR WEB CRIPPLING TESTS- SINGLE, UNREINFORCED WEBS
(Continued)
Total
Specimen Cross-Section Dimensions (inches) Length
No. t B1 B2 B3 B4 dl d2 Dl D2 BB h R (in. )
SU-4-IOF-1 0.0494 2.158 2.157 2.161 2.151 0.585 0.596 4.952 4.967 7 4.861 0.0781 30
SU-4-IOF-2 0.0498 2.160 2.149 2.154 2.152 0.610 0.593 4.930 4.940 7 4.835 0.0781 30
SU-4-IOF-3 0.0502 2.175 2.163 2.171 2.174 0.610 0.587 4.955 4.926 7 4.840 0.0938 30
SU-4-IOF-4 0.0500 2.178 2.160 2.152 2.127 0.588 0.624 4.943 4.918 7 4.831 0.0859 30
SU-4-IOF-5 0.0500 2.183 2.175 2.139 2.137 0.608 0.604 4.912 4.957 7 4.835 0.0781 30
SU-4-IOF-6 0.0500 2.173 2.173 2.164 2.133 0.609 0.600 4.895 4.923 7 4.809 0.0781 30
SU-4-EOF-1 0.0500 2.159 2.169 2.157 2.165 0.610 0.620 4.938 4.913 7 4.826 0.0870 30
SU-4-EOF-2 0.0500 2.161 2.153 2.157 2.140 0.613 0.625 4.920 4.941 7 4.831 0.0781 30
SU-4-EOF-3 0.0496 2.165 2.149 2.166 2.161 0.619 0.615 4.914 4.929 7 4.822 0.0859 30
SU-4-EOF-4 0.0495 2.165 2.150 2.169 2.157 0.620 0.600 4.952 4.938 7 4.846 0.0876 30
SU-4-EOF-5 0.0500 2.170 2.160 2.169 2.166 0.610 0.595 4.932 4.945 7 4.839 0.0846 30
SU-4-EOF-6 0.0490 2.150 2.154 2.159 2.145 0.618 0.603 4.948 4.957 7 4.855 0.0859 30
SU-4-ITF-1 0.0517 2.175 2.156 2.165 2.146 0.587 0.614 4.919 4.968 7 4.840 0.0938 15
SU-4-ITF-2 0.0519 2.139 2.161 2.155 2.153 0.588 0.615 4.959 4.961 7 4.856 0.0938 15
SU-4-ITF-3 0.0500 2.168 2.170 2.172 2.168 0.594 0.605 4.929 4.952 7 4.841 0.0938 15
SU-4-ITF-4 0.0506 2.172 2.156 2.168 2.163 0.612 0.594 4.959 4.955 7 4.856 0.0940 15
SU-4-ITF-5 0.0522 2.129 2.144 2.155 2.169 0.620 4.597 4.958 4.935 7 4.842 0.1054 15
SU-4-ITF-6 0.0510 2.169 2.170 2.150 2.144 0.620 0.628 4.932 4.925 7 4.827 0.1015 15
SU-4-ETF-1 0.0500 2.152 2.146 2.120 2.120 0.593 0.620 4.971 4.957 7 4.864 0.0938 15
SU-L.-ETF-2 0.0515 2.164 2.160 2.145 2.172 0.617 0.608 4.945 4.935 7 4.837 0.1015 15
SU-4-ETF-3 0.0510 2.156 2.145 2.170 2.150 0.601 0.590 4.953 4.949 7 4.849 0.0938 15
SU-4-ETF-4 0.0510 2.172 2.170 2.166 2.168 0.609 0.600 4.912 4.943 7 4.825 0.0938 15
SU-4-ETF-5 0.0500 2.173 2.156 2.163 2.141 0.589 0.605 4.930 4.952 7 4.841 0.0938 15





DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS- SINGLE, UNREINFORCED WEBS
" vv ...... '"" ........ uo""" .....
Cross-Section Dimensions (in.) Total
Specimen Length
No. t B1 B2 B3 B4 d1 d2 D1 D2 BB h R (in. )
SU-5-IOF-l 0.0495 2.655 2.641 2.646 2.675 0.611 0.606 6.195 6.191 7 6.094 0.0938 30
SU-5-IOF-2 0.0502 2.668 2.635 2.670 2.655 0.606 0.600 6.173 6.180 7 6.077 0.0938 30
SU-5-IOF-3 0.0500 2.648 2.635 2.662 2.641 0.606 0.619 6.189 6.200 7 6.095 0.0977 30
SU-5-IOF-4 0.0505 2.641 2.660 2.650 2.659 0.622 0.607 6.189 6.171 7 6.079 0.0938 30
SU-5-IOF-5 0.0504 2.642 2.669 2.657 2.666 0.613 0.615 6.172 6.200 7 6.085 0.0898 30
SU-5-IOF-6 0.0503 2.666 2.628 2.644 2.653 0.609 0.616 6.202 6.183 7 6.091 0.0938 30
SU-5-EOF-1 0.0500 2.694 2.696 2.647 2.663 0.603 0.599 6.185 6.193 7 6.088 0.0938 30
SU-5-EOF-2 0.0511 2.698 2.635 2.663 2.691 0.613 0.614 6.144 6.170 7 6.055 0.0898 30
SU-5-EOF-3 0.0510 2.655 2.647 2.662 2.641 0.614 0.596 6.212 6.200 7 6.104 0.0938 30
SU-5-EOF-4 0.0505 2.637 2.658 2.637 2.650 0.619 0.609 6.200 6.208 7 6.103 0.1016 30
SU-5-EOF-5 0.0506 2.662 2.654 2.633 2.668 0.616 0.604 6.200 6.180 7 6.089 0.0938 30
SU-5-EOF-6 0.0501 2.661 2.644 2.666 2.646 0.615 0.602 6.168 6.209 7 6.089 0.0938 30
SU-5-ITI'-l 0.0500 2.664 2.672 2.673 2.667 0.612 0.619 6.191 6.166 7 6.079 0.0938 15
SU-5-ITF-2 0.0503 2.668 2.695 2.662 2.652 0.623 0.610 6.180 6.161 7 6.070 0.0938 15
SU-5-ITF-3 0.0505 2.656 2.651 2.670 2.638 0.615 0.618 6.191 6.193 7 6.091 0.0938 15
SU-5-ITF-4 0.0501 2.657 2.633 2.639 2.652 0.620 0.612 6.174 6.174 7 6.074 0.0938 15
SU-5-ITF-5 0.0500 2.664 2.663 2.665 2.664 0.615 0.615 6.156 6.162 7 6.059 0.0898 15
SU-5-ITF-6 0.0503 2.650 2.673 2.634 2.664 0.615 0.612 6.187 6.163 7 6.074 0.0898 15
SU-5-ETF-1 0.0505 2.676 2.659 2.662 2.669 0.606 0.613 6.150 6.180 7 6.064 0.0898 15
SU-5-ETF-2 0.0508 2.661 2.648 2.639 2.661 0.617 0.605 6.196 6.198 7 6.095 0.0898 15
SU-5-ETF-3 0.0507 2.662 2.655 2.657 2.676 0.593 0.606 6.200 6.208 7 6.103 0.0938 15
SU-5-ETF-4 0.0501 2.672 2.654 2.665 2.661 0.603 0.619 6.204 6.167 7 6.086 0.1016 15
SU-5-ETF-5 0.0509 2.653 2.661 2.645 2.661 0.612 0.614 6.184 6.167 7 6.074 0.0938 15








Dn~IOl!l'S OF SPECIMENS FOR WEB CRIPPLING TESTS- SINGLE, UNREINFORCED WEBS
(continued)
Total
Specimen Cross-Section Dimensions (in.) Length
No. Bl B2 B3 B4 d,1 d2 D1 D2 BB h R (in. )t
,.
SU-6-IOF-1 0.0500 3.164 3.105 3.123 3.154 0.615 0.618 7.367 7.375 7 7.271 0.0938 30I
SU-6-IO:r-2 0.0500 3.142 3.126 3.107 3.118 0.616 0.597 7.427 7.393 7 7.310 0.0859 30I
SU-6-;IO:r-3 0.0495 3.1'55 3.120 3.131 3.132 0.616 0.598 7.355 7.405 7 7.281 0.0898 30
SU-6-IO:r-4 0.0497 3.103 3.105 3.117 3.119 0.597 0.610 7.444 7.433 7 7.340 0.0938 30I _
0.0492 3.143 3.128 3.132 3.141 0.620 0.596 7.406 7.386 7.298 0.0938SU-6-IOF-:J 7 30I 0.0503 3.154 3.112 3.122 3.153 0.612 0.604 7.367SU-6-IOF-6 7.392 7 7.279 0.0898 30
I 0.0498 3.137 3.133 3.144 3.141 7.386SU-6-EOF-1 0.607 0.611 7.383 7 7.285 0.0859 30,
0.0495 3.156 3.112 3.122 3.141 0.617 0.607 7.379 7.405 0.0938SU-6-EOF-2 7 7.293 30I 3.118 3.134 3.132 3.153 0.619 0.597 7.403 7.372SU-6-EOF-3 0.0493 7 7.289 0.0859 30I
3.143 3.130 3.117 3.167 0.605 0.609 7.411 7.376SU-6-EOF-4 0.0490 7 7.296 0.0977 30..
3.140 3.144 3.144 3.135 0.610 0.603 7.384 7.404SU-6-EOF-5 0.0500 7 7.294 .0.0938 30
·1
3.170 3.109 3.122 3.151 0.604 0.606 7.387 7.414 0.0938SU-6-EOF-6 0.0500 7 7.301 30
I
3.172 3.125 3.123 0.615 0.610 7.357 7.351SU-6-ITF-1 0.0495 3.165 7 7.255 0.0938 15
SU-6.!.ITF-2 0.0496 3.176 3.134 3.125 3.126 0.605 0.619 7.348 7.402 7 7.276 0.0859 15
SU-6.!.ITF-3 0.0500 3.137 3.153 3.138 3.133 0.608 0.616 7.363 7.357 7 7.260 0.0859 15
SU-6.!.ITF-4 0.0495 3.166 3.136 3.123 3.137 0.600 0.613 7.369 7.391 7 7.281 0.0938 15
SU-6.!.ITF-5 0.0504 3.136 3.114 3.124 3.137 0.622 0.614 7.372 7.379 7 7.277 0.0938 15
SU-6.!.ITF-6 0.0490 3.161 3.159 3.129 3.120 0.626 0.597 7.362 7.394 7 7.280 0.0938 15
SU-6.!.ETF-1 0.0490 3.166 3.139 3.126 3.117 0.609 0.614 7.362 7.392 7 7.279 0.0938 15
SU-6.!.ETF-2 0.0500 3.170 3.134 3.124 3.172 0.613 0.602 7.368 7.376 7 7.272 0.0938 15
SU-6.!.F.TF-3 0.0491 3.152 3.105 3.110 3.141 0.623 0.616 7.380 7.379 7 7.282 0.0977 15I 0.0496 3.136 3.129 3.140 3.175 0.603 0.607 7.386 7.372 7 0.0938 15SU-6-ETF-4 7.280
SU-6.!.ETF-5 0.0495 3.112 3.134 3.137 3.114 0.607 0.607 7.411 7.406 7 7.310 0.0938 15
SU-6.!.ETF-6 0.0500 3.157 3.156 3.115 3.119 0.599 0.614 7.389 7.384 7 7.287 0.0938 15
TABLE 3(a)
DIMENS.IONS OF SPECIMENS FOR WEB CRIPPLING TESTS- SINGLE, UNREINFORCED WEBS
(Continued)
Cross-Section'~imensions (in.) TotalSpecimen Length
No. N t B1 B2 B3 B4 d1 d2 D1 D2 BB h R (in.)
li";'SU-4~IOF-1 1 0.0500 2.150 2.162 2.156 2.168 0.619 0.591 4.974 4.971 7 4.873 0.0938 30
M-SU-4-IOF-2 1 0.0505 2.172 2.176 2.157 2.146 0.623 0.607 4.910 4.906 7 4.807 0.0977 30
M-SU-4-IOF-5 3 0.0510 2.167 2.167 2.132 2.142 0.608 0.603 4.936 4.925 7 4.829 0.0938 30
M-SU~4-IOF-6 3 0.0503 2.173 2.157 2.164 2.159 0.600 0:~615 4.922 4.950 7 4.&35 0.0898 30
t1-SU-4~OF-1 1 0.0500 2.164 2.159 2.170 2.198 0.603 0.619 4.887 4.912 7 4.800 0.0898 30
M-SU-4-EOF-2 1 0.0507 2.170 2.168 2.159 2.170 0.606 0.611 4.950 4.929 7 4.839· 0.0938 30
M-SU-4-EOF-5 3 0.0500 2.164 2.155 2.172 2.176 ·0.607 0.607 4.876 4.S14 7 4.795 0.0859 30
M-SU-4-EOF-6 3 0.0500 2.170 2.161 2.171 2.178 0.605 0.601 4.905 4.933 7 4.819 0.0938 30
M- SU-6!..IOF-1 1 0.0502 3.138 3.110 3.132 3.136 0.615 0.607 7.400 7.395 7 7.298 0.0938 30
M-SU-61.IOF-2 1 0.0500 3.136 3.120 3.119 3.122 0.625 0.609 7.384 7.395 7 7.290 0.0938 30,
3.142 3.126 3.116 0.616 0.613 7.384 30M-SU-6-IOF-5 3 0.0505 3.155 7.389 7 7.286 0.0938
M-SU-6.!..IOF-6 3 0.0498 3.148 3.124 3.110 3.168 0.619 0.614 7.377 7.350 7 7.264 0.0938 30
M-SU-6.!,EOP-1 1 0.0501 3.151 3.132 3.139 3.124 0.620 0.613 7.362 7.380 7 7.271 0.0938 30
M-SU-6 l EOF-2 1 0.0505 3.127 3.148 3.155 3.138 0.616 0.604 7.373 7.378 7 7.275 0.0938 30
M-SU-6.!EOF-5 3 0.0500 3.139 3.161 3.140 3.124 0.617 0.609 7.388 7.342 7 7 ..265 0.0938 30





DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS- SINGLE, UNREINFORCED WEBS
Specimen Cross-Section Dimensions (in.) Total
No. length
t Bl B2 B3 B4 dl d2 D1 D2 BB h R (in. )
U-SU-17-IOF-5 0.0490 L359 1.434 1.453 1.381 -- -- 4.916 4.900 7 4.810 0.0470 26
U-SU-17-IOF-6 0.0490 1.348 1.433 1.404 1.367 -- -- 4.922 4.880 7 4.803 0.0470 26
U-SU-17-EOF-1 0.0490 1.375 1.419 1.403 1.372 -- -- 4.984 4.935 7 4.862 0.0470 26
U-SU-17-EOF-2 0.0490 1.450 1.419 1.387 1.386 -- -- 4.915 4.915 7 4.809 0.0470 26
U-SU-17-EOF-5 0.0490 1.360 1.507 1.475 1.374 -- -- 4.882 4.900 7 4.793 0.0470 26
U-SU-17-EOF-6 0.0485 1.407 1.369 1.483 1.410 -- -- 4.889 4.950 7 4.823 0.0470 26
U-SU-18-IOF-5 0.0490 2.148 2.203 2.177 2.200
-- --
9.581 9.500 7 9.443 0.0470 40
U-SU-18-IOF-6 0.0490 2.169 2.200 2.148 2.179 -- -- 9.644 9.575 7 9.512 0.0470 40
U-SU-18-EOF-1 0.0485 2.159 2.205 2.155 2.200
-- --
9.610 9.500 7 9.458,0.0470 40
U-SU-18-EOF-2 0.0490 2.117 2.131 2.139 2.126
-- --
9.637 9.635 7 9.538 0.0470 40
U-SU-18-EOF-5 0.0500 2.126 2.134 2.135 2.128 -- -- 9.616 9.645 7 9.531 0.0470 40
U-SU-18-EOF-6 0.0490 2.125 2.142 2.151 2.121 -- -- 9.645 9.619 7 9.534 0.0470 40
U-SU-17-ITF-5 0.0495 1.371 1.472 1.458 1.392 -- -- 4.873 4.843 7 4.759 0.0470 13
U-SU-17-ITF-6 0.0490 1.417 1.483 1.482 1.451
--
-- 4.824 4.797 7 4.713 0.0470 13
U-SU-17-ETF-5 0.0485 1.400 1.357 1.384 1.404 -- -- 4.945 4.952 7 4.852 0.0470 13
U-SU-17-ETF-6 0.0490 1.453 1.428 1.343 1.338 -- -- 4.925 4.934 7 4.832 0.0470 13
U-SU-19-ITF-5 0.0490 0.600 0.598 0.600 0.600 -- -- 9.622 9.633 7 9.530 0.0470 20
U-SU-19-ITF-6 0.0490 0.592 0.591 0.608 0.600 -- -- 9.708 9.673 7 9.593 0.0470 20
U-SU-19-ETF-5 0.0490 0.588 0.579 0.593 0.594 -- -- 9.646 9.640 7 9.545 0.0470 20
U-SU-19-ETF-6 0.0490 0.609 0.612 0.612 0.608 -- -- 9.633 9.621 7 9.529 0.0470 20





DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS-SINGLE, UNREINFORCED WEBS
CORNELL TESTS (HAT-SECTIONS)
Specimen Cross-Section Dimensions (in.) Span
No. Lengtht B1 B2 B3 d1 d2 h R (in. )
1 0.0614 4.0 2.0 2.0 1.0 1.0 2.887 0.0614 12
2 0.0622 4.0 2.0 2.0 1.0 1.0 2.876 0.0622 12
3 0.0619 4.0 2.0 2.0 1.0 1.0 2.876 0.0619 12
4 0.0603 4.0 2.0 2.0 1.0 1.0 2.879 0.1810 12
5 0.0610 4.0 2.0 2.0 1.0 1.0 2.878 0.1830 12
6 0.0603 4.0 2.0 2.0 1.0 1.0 2.879 0.1810 12
7 0.0642 4.0 2.0 2.0 1.0 1.0 2.872 0.0642 12
8 0.0646 4.0 2.0 2.0 1.0 1.0 2.871 0.0646 12
9 0.0646 4.0 2.0 2.0 1.0 1.0 2.871 0.0646 12
10 0.0652 4.0 2.0 2.0 1.0 1.0 2.870 0.1956 12
11 0.0640 4.0 2.0 2.0 1.0 1.0 2.872 0.1920 12
12 0.0639 4.0 2.0 2.0 1.0 1.0 2.872 0.1917 12
13 0.0605 4.0 2.0 2.0 1.0 1.0 5.879 0.0605 24
14 0.0597 4.0 2.0 2.0 1.0 1.0 5.881 0.0597 24
15 0.0606 4.0 2.0 2.0 1.0 1.0 5.879 0.0606 24
16 0.0597 4.0 2.0 2.0 1.0 1.0 5.881 0.1791 24
17 0.0604 4.0 2.0 2.0 1.0 1.0 5.879 0.1812 24
18 0.0605 4.0 2.0 2.0 1.0 1.0 5.879 0.1815 24
19 0.0646 4.0 2.0 2.0 1.0 1.0 5.871 0.0646 24
20 0.0654 4.0 2.0 /..0 1.0 1.0 5.869 0.0654 24
21 0.0648 4.0 2.0 2.0 1.0 1.0 5.870 0.0648 24
22 0.0646 4.0 2.0 2.0 1.0 1.0 5.871 0.1938 24
23 0.0649 4.0 2.0 2.0 1.0 1.0 5.870 0.1947 24
24 0.0659 4.0 2.0 2.0 1.0 1.0 5.868 0.1977 24
25 0.0601 3.0 1.5 1.5 -- -- 8.880 0.0601 36
26 0.0595 3.0 1.5 1.5 -- -- 8.881 0.0595 36
27 0.0598 3.0 1.5 1.5 -- -- 8.880 0.0598 36
28 0.0601 3.0 1.5 1.5 -- -- 8.880 0.1803 36
29 0.0595 3.0 1.5 1.5 -- -- 8.881 0.1785 36
30 0.0587 3.0 1.5 1.5 -- -- 8.883 0.1761 36
31 0.0650 3.0 1.5 1.5 -- -- 8.870 0.0650 36
32 0.0646 3.0 1.5 1.5 -- -- 8.871 0.0646 36





DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS-SINGLE, UNREINFORCED liliBS
CORNELL TESTS (HAT-SECTIONS)
(Continued)
Specimen Cross-Section Dimensions (in.) SpanLengthNo. t B1 B2 B3 d1 d2 h R (in. )
34 0.0637 3.0 1.5 1.5 -- -- 8.873 0.1911 36
35 0.0640 3.0 1.5 1.5 -- -- 8.872 0.1920 36
36 0.0633 3.0 1.5 1.5 --- -- 8.873 0.1899 36
37 0.0603 3.0 1.5 1.5 -- -- 11.88 0.0603 48
38 0.0616 3.0 1.5 1.5 -- -- 11.88 0.0616 48
39 0.0612 3.0 1.5 1.5 -- -- 11.88 0.0612 48
40 0.0592 3.0 1.5 1.5 -- -- 11.88 0.1776 48
41 0.0607 3.0 1.5 1.5 -- -- 11.87 0.1821 48
42 0.0609 3.0 1.5 1.5 -- -- 11.88 0.1827 48
43 0.0664 3.0 1.5 1.5 -- -- 11.86 0.0664 48
44 0.0664 3.0 1.5 1.5 -- -- 11.86 0.0664 48
45 0.0681 3.0 1.5 1.5 -- -- 11.86 0.0681 48
46 0.0660 3.0 1.5 1.5 -- -- 11.87 0.1980 48
47 0.0669 3.0 1.5 1.5 -- -- 11.87 0.2007 48
48 0.0661 3.0 1.5 1.5 -- -- 11.87 0.1983 48
49 0.0613 4.0 2.0 2.0 1.0 1.0 2.877 0.0613 12
50 0.0611 4.0 2.0 2.0 1.0 1.0 2.878 0.0611 12
51 0.0616 4.0 2.0 2.0 1.0 1.0 2.877 0.0616 12
52 0.0595 4.0 2.0 2.0 1.0 1.0 2.881 0.1785 12
53 0.0598 4.0 2.0 2.0 1.0 1.0 2.880 0.1794 12
54 0.0601 4.0 2.0 2.0 1.0 1.0 2.880 0.1803 12
55 0.0663 4.0 2.0 2.0 1.0 1.0 2.867 0.063 12
56 0.0655 4.0 2.0 2.0 1.0 1.0 2.869 0.0655 12
57 0.0633 4.0 2.0 2.0 1.0 1.0 2.873 0.0633 12
58 0.0647 4.0 2.0 2.0 1.0 1.0 2.871 0.1941 12
59 0.0643 4.0 2.0 2.0 1.0 1.0 2.871 0.1929 12
60 0.0635 4.0 2.0 2.0 1.0 1.0 2.873 0.1905 12
61 0.0608 4.0 2.0 2.0 1.0 1.0 5.878 0.0608 24





DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS-SINGLE, UNREINFORCED WEBS
CORNELL TESTS (HAT-SECTIONS)
(Continued)
Specimen Cross-Section Dimensions (in.) Span
No. Lengtht Bl B2 B3 dl d2 h R (in. )
63 0.0599 4.0 2.0 2.0 1.0 1.0 5.880 0.0599 24
64 0.0601 4.0 2.0 2.0 1.0 1.0 5.879 0.1803 24
65 0.0604 4.0 2.0 2.0 1.0 1.0 5.879 0.1812 24
66 0.0601 4.0 2.0 2.0 1.0 1.0 5.880 0.1803 24
67 0.0672 4.0 2.0 2.0 1.0 1.0 5.866 0.0672 24
68 0.0668 4.0 2.0 2.0 1.0 1.0 5.866 0.0668 24
69 0.0664 4.0 2.0 2.0 1.0 1.0 5.867 0.0664 24
70 0.0670 4.0 2.0 2.0 1.0 1.0 5.866 0.2010 24
71 0.0685 4.0 2.0 2.0 1.0 1.0 5.863 0.2055 24
72 0.0689 4.0 2.0 2.0 1.0 1.0 5.862 0.2067 24
73 0.0602 3.0 1.5 1.5 -- -- 8.880 0.0602 36
74 0.0604 3.0 1.5 1.5 -- -- 8.879 0.0604 36
75 0.0597 3.0 1.5 1.5 -- -- 8.881 0.0597 36
76 0.0600 3.0 1.5 1.5 -- -- 8.880 0.1800 36
77 0.0598 3.0 1.5 1.5 -- -- 8.880 0.1794 36
78 0.0599 3.0 1.5 1.5 -- -- 8.880 0.1797 36
79 0.0645 3.0 1.5 1.5 -- -- 8.871 0.0645 36
80 0.0638 3.0 1.5 1.5 -- -- 8.872 0.0638 36
81 0.0636 3.0 1.5 1.5 -- -- 8.873 0.0636 36
82 0.0638 3.0 1.5 1.5 -- -- 8.872 0.1914 36
83 0.0641 3.0 1.5 1.5 -- -- 8.872 0.1923 36
8~ 0.0634 3.0 1.5 1.5 -- -- 8.873 0.1902 36
85 0.0611 3.0 1.5 1.5 -- -- 11.88 0.0611 48
86 0.0609 3.0 1.5 1.5 -- -- II. 88 0.0609 48
87 0.0603 3.0 1.5 1.5 -- -- II. 88 0.0603 48





DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS-SINGLE, UNREINFORCED WEBS
CORNELL TESTS (HAT-SECTIONS)
(Continued)
Specim~n Cross-Section Dimensions (in.) Span
No. Lengtht B1 B2 B3 d1 d2 h R (in. )
89 0.0599 3.0 1.5 1.5 -- -- 11.88 0.1797 48
90 0.0593 3.0 1.5 1.5 -- -- II. 88 0.1779 48
91 0.0691 3.0 1.5 1.5 -- -- 11.86 0.0691 48
92 0.0689 3.0 1.5 1.5 -- -- 11.86 0.0689 48
93 0.0681 3.0 1.5 1.5 -- -- 11.86 0.0681 48
94 0.0668 3.0 1.5 1.5 -- -- 11.87 0.2004 48
95 0.0658 3.0 1.5 1.5 -- -- 11.87 0.1974 48
96 0.0666 3.0 1.5 1.5 -- -- 11.87 0.1998 48
18-F2 0.0445 10.0 16.0 -- -- 0.500 7.411 0.0860 92.50
18-F3 0.0445 10.0 16.0 -- -- 0.500 7.411 0.0860 92.50
18-C1 0.0445 10.0 16.0 -- -- 0.500 2.911 0.0860 32.50
18-C4 0.0445 10.0 16.0 -- -- 0.500 2.911 0.0860 32.50
18-H5 0.0445 5.00 10.0 -- -- 0.500 7.411 0.0860
I
92.50
18-H5 0.0445 5.00 10.0 -- -- 0.500 7.411 0.0860 92.50
18-G1 0.0445 5.00 10.0 -- -- 0.500 2.911 0.0860 32.50
18-G3 0.0445 5.00 10.0 -- -- 0.500 2.911 0.0860 32.50
16-E1 0.0636 10.0 16.0 -- -- 0.750 7.379 0.0860 92.50
16-E4 0.0636 10.0 16.0 -- -- 0.750 7.379 0.0860 92.50
16-B2 0.0636 10.0 16.0 -- -- 0.750 2.873 0.0860 32.50
16-B4 0.0636 10.0 16.0 -- -- 0.750 2.873 0.0860 32.50
14-D4 0.0724 10.0 16.0 -- -- 0.750 7.355 0.0860 92.50
14-D6 0.0724 10.0 16.0 -- -- 0.750 7.355 0.0860 92.50
14-A1 0.0724 10.0 16.0 -- -- 0.750 2.855 0.0860 32.50
14-A6 0.0724 10.0 16.0 -- -- 0.750 2.855 0.0860 32.50
Notes: 1. See designation of specimens in Fig. 5
2. Specimens no.l through 96 and no. l8-F2 through l4-A6 were used for web crippling





PARAMETERS AND SECTIONAL PROPERTIES OF SPECIMENS FOR WEB CRIPPLING TESTS-SINGLE UNREINFORCED WEBS
Parameters and Sectional Properties
Specimen
Fy A S INo. N (w/t)1' Sx s"Nit hit Rlt wit lm w x x
(in. ) (ksi) (in. 2) (in. 3) (in. 3) (in 3)
SU-1-IOF-1 1 20.83 204.77 2.77 27.27 33.35 43.82 0.944 3.335 3.200 3.335
SU-1-IOF-2 1 21.05 208.59 2.63 26.95 33.35 43.82 0.942 3.303 3.178 3.303
SU-I-IOF-5 3 61.86 203.20 2.58 26.16 33.35 43.82 0.956 3.371 3.239 3.371
SU-I-IOF-6 3 62.50 205.19 2.60 27.10 33.35 43.82 0.946 3.356 3.220 3.356
SU-1-EOF-l 1 21.05 208.06 2.63 27.49 33.35 43.82 0.938 -- -- --
SU-I-EOF-2 1 20.83 205.52 2.60 26.29 33.35 43.82 0.948 -- -- --
SU-I-EOF-5 3 61.22 201.22 2.50 26.86 33.35 43.82 0.966 -- -- --
SU-1-EOF-6 3 60.00 197.28 2.81 26.30 33.35 43.82 0.986 -- -- --
SU-1-ITF-1 1 20.83 205.35 2.60 -- -- 43.82 -- -- -- --
SU-I-ITF-2 1 21.05 207 .33 2.63 -- -- 43.82 -- -- -- --
SU-I-ITF-5 3 62.50 205.39 2.60 -- -- 43.82 -- -- -- --
SU-1-ITF-6 3 63.83 209.89 2.66 -- -- 43.82 -- -- -- --
SU-I-ETF-l 1 21.74 213 .59 2.72 -- -- 43.82 -- -- -- --
SU-I-ETF-2 1 21.28 209.45 2.66 -- -- 43.82 -- -- -- --
SU-1-ETF-5 3 63.16 207.31 2.63 -- -- 43.82 -- -- -- --
SU-I-ETF-6 3 62.50 205.27 2.60 -- -- 43.82 -- -- -- --
SU-2-IOF-l 1 20.41 249.94 2.55 26.61 33.35 43.82 1.200 4.735 4.619 4.735
SU-2-IOF-2 1 20.00 244.20 2.50 24.78 33.35 43.82 1.222 4.805 4.689 4.805
SU-2-IOF-5 3 62.80 254.35 2.60 27 .19 33.35 43.82 1.172 4.639 4.523 4.639
SU-2-IOF-6 3 61.22 249.94 2.55 26.24 33.35 43.82 1.200 4.737 4.622 4.737
SU-2-EOF-l 1 20.62 250.06 2.58 26.00 33.35 43.82 1.176 - -- --
SU-2-EOF-2 1 20.83 252.58 2.60 26.54 33.35 43.82 1.164 -- -- --
SU-2-EOF-5 3 62.50 254.04 2.60 26.27 33.35 43.82 1.170 -- -- --





PARAMETERS AND SECTIONAL PROPERTIES OF SPECIMENS FOR WEB CRIPPLING TESTS-SINGLE UNREINFORCED WEBS
(Continued)
Parameters and Sectional Properties
Specimen
No. N (w/t\im Fy A Sx S' SItNit hit Rlt wit w x x
(in. ) (ksi) (in. 2) (in. 3) (in. 3) (in. 3)
SU-2-ITF-l 1 20.83 255.08 2.60 -- -- 43.82 -- -- -- --
SU-2-ITF-2 1 21.05 257.05 2.63 -- -- 43.82 -- -- -- --
SU-2-ITF-5 3 62.50 253.31 2.60 -- -- 43.82 -- -- -- --
SU-2-ITF-6 3 63.83 257.89 2.66 -- -- 43.82 -- -- -- --
SU-2-ETF-1 1 21.28 259.81 2.66 -- -- 43.S2 -- -- -- --
SU-2-ETF-2 1 20.41 249.22 2.55 -- -- 43.82 -- -- -- --
SU-2-ETF-5 3 63.83 260.34 2.66 -- -- 43.82 -- -- -- --
SU-2-ETF-6 3 61. 22 249.43 2.55 -- -- 43.82 -- -- -- --
SU-4-IOF-1 1 20.24 98.40 1.58 39.66 32.16 47.12 0.480 1.497 1.333 1.497
SU-4-IOF-2 1 20.07 97.09 1.57 39.15 32.16 47.12 0.482 1.508 1.337 1.508
SU-4-IOF-3 2 39.84 96.41 1.87 39.09 32.16 47.12 0.486 1.529 1.353 1.529
SU-4-IOF-4 2 40.00 96.62 1. 72 39.20 32.16 47.12 0.484 1.510 1.340 1. 510
SU-4-IOF-5 3 60.00 96.68 1.56 39.50 32.16 47.12 0.484 1.517 1.346 1. 517
SU-4-IOF-6 3 60.00 96.18 1.56 39.46 32.16 47.12 0.480 1.507 1.336 1. 507
SU-4-EOF-1 1 20.00 96.51 1. 74 39.18 32.16 i,7.12 0.482 -- -- --
SU-4-EOF-2 1 20.00 96.61 1.56 39.06 32.16 47.12 0.484 -- -- --
SU-4-EOF-3 2 40.32 97.22 1. 73 39.33 32.16 47.12 0.478 -- -- --
SU-4-EOF-4 2 40.40 97.90 1.77 39.43 32.16 47.12 0.480 -- -- --
SU-4-EOF-5 3 6Q.OO 96.77 1.69 39.20 32.16 47.12 0.484 -- -- --
SU-4-EOF-6 3 61.22 99.07 1. 75 39.88 32.16 47.12 0.476 -- -- --
SU-4-ITF-1 1 19.36 93.69 1.82 -- -- 47.12 -- -- -- --
SU-4-ITF-2 1 19.28 93.62 1.81 -- -- 47.12 -- -- -- --
SU-4-ITF-3 2 40.00 96.80 1.88 --
--
47.12 -- -- -- --
SU-4-ITF-4 2 39.41 95.67 1.85
-- --
47.12 -- -- -- --
SU-4-ITF-5 3 57.52 92 .83 2.02 -- -- 47.12 -- -- -- --





PARAMETERS AND SECTIONAL PROPERTIES OF SPECIMENS FOR WEB CRIPPLING TESTS-SINGLE UNREINFORCED WEBS
(Continued)
Parameters and Sectional Properties
Specimen 5"No. N (w/t)l· F A 5x s'Nit hit Rlt wit y w x x~m
(in.) (ksi) (in. 2) (in. 3) (in. 3) (in. 3)
SU-4-ETF-1 1 20.00 97.27 1.88 -- -- 47.12 -- -- -- --
SU-4-ETF-2 1 19.42 93.92 1.97
-- --
47.12 -- -- --
--
SU-4-ETF-3 2 39.22 95.07 1.84
-- --
47.12 -- -- --
--
SU-4-ETF-4 2 39.22 94.61 1.84 -- -- 47.12 -- -- --
--
SU-4-ETF-5 3 60.00 96.82 1.88 -- -- 47.12 -- -- --
--
SU-4-ETF-6 3 60.00 96.70 1.88 -- -- 47.12 -- -- --
-- -
SU-5-IOF-1 1 20.20 123.11 1.90 49.35 32.16 47.12 0.604 2.219 1.966 2.219
SU-5-IOF-2 1 19.92 121.05 1.87 48.49 32.16 47.12 0.610 2.214 1.985 2.214
SU-5-IOF-3 2 40.00 121.90 1.95 48.70 32.16 47.12 0.610 2.214 1.983 2.214
SU-5-IOF-4 2 39.60 120.38 1.86 48.30 32.16 47.12 0.614 2.234 2.000 2.234
SU-5-IOF-5 3 59.52 120.74 1. 78 48.42 32.16 47.12 0.614 2.204 1.978 2.204
SU-5-IOF-6 3 59.64 121.10 1.87 48.25 32.16 47.12 0.612 2.227 1.994 2.227
SU-5-EOF-l 1 19.80 120.55 1.86 49.35 32.16 47.12 0.614
--
-- --
SU-5-EOF-2 1 19.57 118.49 1. 76 47.57 32.16 47.12 0.618
-- -- --
SU-5-EOF-3 2 39.22 119.69 1.84 47.90 32.16 47.12 0.622
-- -- --
SU-5-EOF-4 2 39.60 120.85 2.01 48.22 32.16 47.12 0.616 -- -- --
SU-5-EOF-5 3 59.29 120.33 1.85 48.45 32.16 47.12 0.616
-- -- --
SU-5-EOF-6 3 59.88 121.63 1.87 48.77 32.16 47.12 0.610
-- -- --
SU-5-ITF-1 1 20.00 121.58 1.88 -- -- 47.12 -- -- -- --
SU-5-ITF-2 1 19.88 120.68 1.87 -- -- 47.12 -- -- -- --
SU-5-ITF-3 2 39.60 120.61 1.86 -- -- 47.12 -- -- -- --
SU-5-ITF-4 2 39.92 121.23 1.87 -- -- 47.12 -- -- -- --
SU-5-ITF-5 3 59.64 120.45 1. 79
-- --
47.12
-- -- -- --





PARAMETERS AND SECTIONAL PROPERTIES OF SPECIMENS FOR WEB CRIPPLING TESTS-SINGLE UNREINFORCED WEBS
,,---- ----
Parameters and Sectional Properties
Specimen
No. N hit R/t w/t (w/t\im Fy ~ Sx S' S"N/t x x
(in. ) (ksi) (in. 2) (in. 3) (in. 3) (in.:)
SU-5-ETF-l 1 19.80 120.08 1. 78 -- -- 47.12 -- -- -- --
SU-5-ETF-2 1 19.69 119.99 1.77
-- --
47.12 -- -- -- --
SU-5-ETF-3 2 39.45 120.37 1.85 -- -- 47.12 -- -- -- --
SU-5-ETF-4 2 39.92 121.47 2.03 -- -- 47.12 -- -- -- --
SU-5-ETF-5 3 58.94 119.34 1.84 -- -- 47.12 -- -- -- --
SU-5-ETF-6 3 59.64 121.00 1.87 -- -- 47.12 -- -- -- --
SU-6-IOF-1 1 20.00 145.42 1.88 58.10 32.16 47.12 0.728 3.065 2.671 3.089
SU-6.!IOF-2 1 20.00 146.20 1. 72 58.52 32.16 47.12 0.732 3.076 2.689 3.112
SU-6.!IOF-3 2 40.40 147.09 1.81 59.03 32.16 47.12 0.720 3.039 2.650 3.064
SU-6.!IOF-4 2 40.24 147.68 1.89 58.43 32.16 47.12 0.730 3.058 2.677 3.102
SU-6.!IOF-5 3 60.98 148.33 1.91 59.58 32.16 47.12 0.718 3.030 2.644 3.058
SU-6.!IOF-6 3 59.64 144.96 1. 79 57.87 32.16 47.12 0.732 3.083 2.689 3.112
SU-6-EOF-l 1 20.08 146.29 1. 73 58.91 32.16 47.12 0.770 -- -- --
SU-6.!EOF-2 1 20.20 147.33 1.90 58.87 32.16 47.12 0.722 -- -- --
SU-6.!EOF-3 2 40.57 147.86 1. 74 59.25 32.16 47.12 0.718 -- -- --
SU-6.!EOF-4 2 40.82 148.90 1.99 59.88 32.16 47.12 0.716 -- -- --
SU-6.!EOF-5 3 60.00 145.88 1.88 58.80 32.16 47.12 0.730 -- -- --
SU-6..!EOF-6 3 60.00 146.02 1.88 58.18 32.16 47.12 0.730 -- -- --
SU-6-tTF-1 1 20.20 146.57 1.90 -- -- 47.12 -- -- -- --SU-6~ITF-2 1 20.16 146.69 1. 73 -- -- 47.12 -- -- -- --,
145.20SU-6-ITF-3 2 40.00 1.72
-- --
47.12 -- -- -- --,
40.40 147.09SU-6-ITF-4 2 1.90 -- -- 47.12 -- -- -- --,





PARAMETERS AND SECTIONAL PROPERTIES OF SPECIMENS FOR WEB CRIPPLING TESTS-SINGLE UNREINFORCED WEBS
(Continued)
Parameters and Sectional Properties
Specimen
No. N (w/t)1" F -Aw Sx S' s"Nit hit Rlt wit 1m y x x3(in.) (ksi) (in. 2) (in. 3) (in. 3) (in. )
SU-6-ETF-1 1 20.41 148.55 1.91 -- -- 47.12 -- -- -- --,
145.44 1.88 47.12SU-6-ETF-2 1 20.00 -- -- -- -- -- --,
40.00 146.54 1.88 47.12SU-6-ETF-3 2 -- -- -- -- -- --SU-6~ETF-4 2 39.60 144.16 1.86 -- -- 47.12 -- -- -- --,
60.00 146.92 1.88 47.12SU-6-ETF-5 3 -- -- -- -- -- --
SU-6..!ETF-6 3 59.64 144.58 1.87 -- -- 47.12 -- -- -- --
M-SU-4-IOF-1 1 20.00 97.46 1.88 39.00 32.16 47.12 0.488 1.535 1.359 1.535
M-SU-4-IOF-2 1 19.80 95.19 1.94 39.01 32.16 47.12 0.486 1.530 1.351 1.530
M-SU-4-IOF-5 3 58.82 94.69 1.84 38.49 32.16 47.12 0.496 1.553 1.367 1.553
M-SU-4-IOF-6 3 59.64 96.13 1.79 38.88 32.16 47.12 0.486 1.528 1.351 1.528
M-SU-4-EOF-1 1 20.00 96.00 1.80 39.18 32.16 47.12 0.480 -- -- --
M-SU-4-EOF-2 1 19.72 95.44 1.85 38.76 32.16 47.12 0.490 -- -- --
M-SU-4-EOF-5 3 60.00 95.90 1.72 39.10 32.16 47 .12 0.480 -- -- --
M-SU-4-EOF-6 3 60.00 96.38 1.88 39.22 32.16 47.12 0.482 -- -- --
M-SU-6-IOF-1 1 19.92 145.37 1.87 57.95 32.16 47.12 0.732 3.086- 2.692 3.177
M-SU-6.!rOF-2 1 20.00 145.80 1.88 58.40 32.16 47.12 0.730 3.071 2.681 3.103
M-SU-6.!IOF-5 3 59.41 144.28 1.86 58.22 32.16 47.12 0.736 3.102 2.707 3.130
M-SU-6...!IOF-6 3 60.24 145.87 1.88 58.73 32.16 47.12 0.724 3.017 2.634 3.033
M-SU-6-EOF-1 1 19.96 145.13 1.87 58.51 32.16 47.12 0.728 -- -- --,
1 19.80 144.06 1.86 57.92 32.16 47.12 0.734M-SU-6-EOF:-2 -- --
M-SU-6.!EOF-5 3 60.00 145.30 L88 58.78 32.16 47.12 0.726 -- -- --




PARAMETERS AND SECTIONAL PROPERTIES OF SPECIMENS FOR WEB CRIPPLING TESTS-SINGLE UNREINFORCED WEBS
(Continued)
1
Parameters and Sectional Properties ,Specimen No. I
N Nit hit R/t wit (W/thim F A S SI SI!Y w 2 x 3 x 3 x3
(in ) (ksi) (in. ) (in. ) (in. ) (in. )
U-SU-17-EOF-1 1 20.41 99.22 0.959 26.06 10.51 36.26 0.476
-- - -
--
U-SU-17-EOF-2 1 20.41 98.14 0.959 26.31 10.51 36.26 0.471 -- -- --
U-SU-17-EOF-5 3 61.22 97.82 0.959 25.76 10.51 36.26 0.470
-- --
--
U-SU-17-EOF-6 3 61.86 99.44 0.969 26.23 10.51 36.26 0.468 -- -- --
U-SU-18-EOF-1 1 20.62 195.01 0.969 42.43 10.51 36.26 0.917 -- -- --
U-SU-18-EOF-2 1 20.41 194.65 0.959 41.20 10.51 36.26 0.935
-- --
--
U-SU-18-EOF-5 3 60.00 190.62 0.940 40.52 10.51 36.26 0.954 -- -- --
U-SU-18-EOF-6 3 61.22 194.57 0.959 41.37 10 • .:J1 36.26 0.934 -- -- --
U-SU-17-ITF-5 3 60.61 96.14 0.949 -- -- 36.26 -- -- -- --
U-SU-17-ITF-6 3 61.22 96.18 0.959 -- -- 36.26 -- -- -- --
U-SU-17-ETF-5 3 61.86 100.04 0.969 -- -- 36.26 -- -- -- --
U-SU-17-ETF-6 3 61.22 98.61 0.959 -- -- 36.26 -- -- -- --
U-SU-19-ITF-5 3 61.22 194.49 0.959 -- -- 36.26 -- -- -- --





U-SU-19-ETF-5 3 61.22 194.80 0.959 -- -- 36.26 -- -- . -- --
U-SU-19-ETF-6 3 61.22 194.45 0.959 -- -- 36.26 -- -- -- --
S = section modulus based on the effective width of the compression flange determined in accordance with Section
x 2.3.1.1 of the AISI Specification and full width of the tension flange, in. 3
SI = section modulus based on shear lag consideration, (i.e. use the effective width ~f both compression and
x tension flanges, in accordance with section 2.3.5 of the AISI Specification, in. )
SI!
X
section modulus based on the full
flange determined on the basis of
whichever is smaller, in. 3
width of the tension flange and the effective width of the compression





PARAMETERS AND SECTIONAL PROPERTIES OF SPECIMENS FOR WEB CRIPPLING TEST-SINGLE UNREINFORCED WEBS
Parameters and Sectional Properties
Specimen F A (Sx)M (S') (S")No. N hit R/t wit (w/t)lim y w x:M xM(in. ) NIt (ksi) (in.?) (in. 3) (in. 3) (in. 3)
U-SU-17-IOF-5 3 61. 22_ 98.16 0.959 25.73 10.51 36.26 0.427 1.969 1.842 1.969
U-SU-17-IOF-6 3 61. 22 98.02 0.958 25.51 10.51 36.26 0.470 1.932 1.835 1.932
U-SU-18-IOF-5 3 61.22 192.71 0.959 41.84 10.51 36.26 0.926 5.i43 4.974 5.143






modified section modulus based on full width of both compression and tension flange and full depth
of web and section modulus of additional plates attached to top and bottom flanges, in. 3
(see Fig. 12)
modified section modulus based on shear lag consideration (i.e. use the effective width of both
compression and tension flanges, in accordance with Section 2.3.5 of the AISI Specification,:in. 3)
and section modulus of additional plates attached to the top and bottom flanges, in. 3




PARAMETERS AND SECTIONAL PROPERTIES OF SPECIMENS FOR WEB CRIPPLING TESTS-SINGLE UNREINFORCED WEBS
CORNELL TESTS (HAT-SECTIONS)
Specimen Parameters and Sectional Properties
No. N Nit hit Rlt wit (wit) lim F Aw Sx Sx Sx(k~i) (in~) (!n~) (in~) (in~)
1 0.750 12.21 47.02 1.0 28.57 38.08 33.60 0.355 0.966 0.843 --
2 1.500 24.12 46.24 1.0 28.15 37.58 34.50 0.358 0.977 0.855 --
3 7..500 LO.39 46.46 1.0 28.31 39.78 30.80 0.356 0.973 0.850 --
4 0.750 12.44 47.74 3.0 25.17 37.21 35.20 0.347 0.951 0.827 --
5 1.500 24.59 47.18 3.0 24.79 38.78 32.40 0.351 0.961 0.837 --I 6 2.500 41.46 47.74 3.0 25.17 37.97 33.80 0.347 0.951 0.827I --7 0.750 11.68 44.74 1.0 27.15 29.79 54.90 0.369 1.004 0.884 --
8 1.500 23.22 44.44 1.0 26.96 29.71 55 • .20 0.371 1.010 0.890 --
9 2.500 38.70 44.44 1.0 26.96 30.04 54.00 0.371 1.009 0.890 --
10 0.750 11.50 44.02 3.0 22.67 30.61 52.00 0.374 1.018 0.898 --
11 1.500 23.44 44.88 3.0 23.25 29.85 54.70 0.368 1.002 0.881 --
12 2.500 39.12 44.95 3.0 23.30 29.82 54.80 0.368 1.000 0.879 --
13 0.750 12.40 97.17 1.0 29.06 37.86 34.00 0.711 2.454 2.654 --
14 1.500 25.13 98.50 1.0 29.50 36.34 36.90 0.702 2.424 2.618 --
15 2.500 41.25 97.01 1.0 29.00 39.59 31.10 0.713 2.457 2.658 --
16 0.750 12.56 98.50 3.0 25.50 36.29 37.00 0.702 2.424 2.618 --
17 1.500 24.83 97.34 3.0 25.11 38.66 32.60 0.710 2.450 2.649 --
18 2.500 41.32 97.17 3.0 25.06 38.61 32.70 0.710 2.454 2.654 --
19 0.750 11.61 98.88 1.0 26.96 30.04 54.00 0.759 2.604 2.837 --
20 1.500 22.94 89.74 1.0 26.58 30.15 53.60 0.768 2.633 2.873 --
21 2.500 38.23 89.76 1.0 26.58 30.10 53.80 0.768 2.611 2.846 --
22 0.750 11.61 90.88 3.0 22.96 30.04 54.00 0.759 2.604 2.837 --
23 1.500 23.11 90.45 3.0 22.82 30.32 53.00 0.762 2.615 2.850 --
24 2.500 37.94 89.05 3.0 22.35 30.27 53.20 0.773 2.651 2.895 --
25 0.750 12.48 147.75 1.0 45.92 37.00 37.70 1.067 -- 3.359 3.049
26 1.500 25.21 149.26 1.0 46.42 36.90 35.80 1.057 -- 3.325 3.019
27 2.500 41.81 148.50 1.0 46.17 39.15 31.80 1.062 -- 3.342 3.034
28 0.750 12.48 147.75 3.0 41.92 34.19 41.70 1.067 -- 3.360 3.049
29 1.500 25.21 149.26 3.0 42.42 38.43 33.00 1.057 -- 3.325 3.019
30 2.500 42.59 151.32 3.0 43.11 38.84 32.30 1.043 -- 3.281 2.980
31 0.750 11.54 136.46 1.0 42.15 29.73 54.50 1.153 -- 3.633 3.291
32 1.500 23.22 137.32 1.0 42.44 30.24 53.30 1.146 -- 3.611 3.271





PARAMETERS AND SECTIONAL PROPERTIES OF SPECIMENS FOR WEB CRIPPLING TESTS-SINGLE UNREINFORCED WEBS
CORNELL TESTS (HAT SECTIONS)
(Continued)
Specimen Parameters and Sectional Properties
No. NIt hit Rlt wIt (wIt) lim Fy Aw Sx S S(i~ ) (in?) (in~) x (i~~)(ksi) (in~)
34 0.750 11. 77 139.29 3.0 39.09 29.85 54.70 1.130
-- 3.560 3.227
35 1.500 23.44 138.63 3.0 38.88 29.99 54.20 1.136
-- 3.577 3.242
36 2.500 39.49 140.18 3.0 39.39 30.01 54.10 1.123
-- 3.538 3.207
37 0.750 12.44 197.01 1.0 45.75 38.96 32.10 1.433 -- 5.450 4.808
38 1.500 24.35 192.81 1.0 44.70 38.31 33.20 1.463
-- 5.568 4.911
39 2.500 40.85 197.08 1.0 45.02 35.72 38.20 1.454
-- 5.531 4.879
40 0.750 12.67 200.70 3.0 42.68 39.71 30.90 1.407
-- 5.350 4.721
41 1.500 24.71 195.69 3.0 41.42 38.72 32.50 1.442
-- 5.486 4.840
42 2.500 41.05 195.04 3.0 41.26 38.84 32.30 1.447
-- 5.504 4.855
43 0.750 11.30 178.72 1.0 41.18 30.10 53.80 1.576 -- 6.002 5.290
44 1.500 22.59 178.72 1.0 41.18 30.00 54.20 1.576
-- 6.002 5.290
45 2.500 36.71 174.21 1.0 40.05 29.77 55.00 1.616
-- 6.156 5.425
46 0.750 11.36 179.82 3.0 37.45 29.55 55.80 1.567
-- 5.966 5.259
47 1.500 22.42 177 •37 3.0 36.84 30.01 54.10 1.588
-- 6.048 5.330
48 2.500 37.82 179.54 3.0 37.39 30.21 53.40 1.569
-- 5.975 5.267
49 0.75 12.23 46.93 1.0 -- -- 35.60 0.353 -- -- --
50 1.50 14.55 47.10 1.0 -- -- 33.60 0.352 -- -- --
51 2.50 40.58 46.70 1.0 -- -- 33.00 0.354 -- -- --
52 0.75 12.60 48.42 3.0 -- -- 31.70 0.342 -- -- --
53 1. 50 25.08 48.16 3.0 -- -- 32.60 0.344 -- -- --
54 2.50 41. 60 47.92 3.0
-- -- 29.10 0.346 -- -- --
55 0.75 11. 31 43.24 1.0 -- -- 54.20 0.380 -- -- --
56 1. 50 22.90 43.80 1.0 -- -- 53.70 0.376 -- -- --
57 2.50 39.49 45.39 1.0
-- -- 54.50 0.364 -- -- --
58 0.75 11. 59 44.37 3.0
-- --
52.40 0.372 -- -- --
59 1.50 23.33 44.65 3.0 -- -- 55.40 0.369
-- -- --
60 2.50 39.37 45.24 3.0 -- -- 55.20 0.365 -- -- --
61 0.75 12.34 96.68 1.0 -- -- 32.80 0.715 -- -- --
62 1. 50 25.21 98.84 1.0





PARAMETERS AND SECTIONAL PROPERTIES OF SPECIMENS FOR WEB CRIPPLING TESTS-SINGLE UNREINFORCED WEBS
CORNELL TESTS (HAT SECTIONS)
(Continued)
Specimen Parameters and Sectional Properties
No. Nit hit Rit wit (w/t)l" F Aw Sx S' S"N 1m y x x
(in.) (ksi) (inh (in~) (in;) (in?)
63 2.50 41. 74 98.16 1.0 -- -- 38.70 0.704 -- -- --
64 0.75 12.48 97.82 3.0 -- -- 33.90 0.707 -- -- --
65 1. 50 24.83 97.33 3.0 -- -- 32.40 0.710 -- -- --
66 2.50 41.60 97.84 3.0 -- -- 31.30 0.707 -- -- --
67 0.75 11.16 87.29 1.0 -- -- 54.50 0.788 -- -- --
68 1.50 22.46 87.81 1.0 -- -- 52.50 0.784 -- -- --
69 2.50 37.65 88.36 1.0 -- -- 52.60 0.779 -- -- --
70 0.75 11.19 87.55 3.0 -- -- 53.80 0.786 -- -- --
71 1. 50 21.90 85.59 3.0 -- -- 52.50 0.803 -- -- --
72 2.50 36.28 85.08 3.0 -- -- 53.60 0.808 -- -- --
73 0.75 12.46 147.51 1.0 -- -- 31.90 1.069 -- -- --
74 1. 50 24.83 147.00 1.0 -- -- 31. 70 1.073 -- -- --
75 2.50 41.88 148.76 1.0 -- -- 31.00 1.060 -- -- --
76 0.75 12.50 148.00 3.0 -- -- 34.50 1.066 -- -- --
77 1. 50 25.08 148.49 3.0 -- -- 32.00 1.062 -- -- --
78 2.50 41. 74 148.25 3.0 -- -- 30.00 1.064 -- -- --
79 0.75 11.63 137.53 1.0 -- -- 51.40 1.144 -- -- --
80 1. 50 23.51 139.08 1.0 -- -- 54.00 1.132 -- -- --
81 2.50 39.31 139.51 1.0 -- -- 51.60 1.129 -- -- --
82 O. 75 11. 76 139.06 3.0 -- -- 54.70 1.132 -- -- --
83 1. 50 23.40 138.41 3.0 -- -- 54.70 1.137 -- -- --
84 2.50 39.43 139.95 3.0 -- -- 54.80 1.125 -- -- --
85 0.75 12.27 194.44 1.0 -- -- 31.80 1. 452 -- -- --
86 1. 50 24.63 195.07 1.0 -- -- 32.20 1.450 -- -- --
87 2.50 41. 46 197.01 1.0 -- -- 31. 50 1.433 -- -- --
88 O. 75 12.50 198.00 3.0 -- -- 31.40 1.426 -- -- --





PARAMETERS AND SECTIONAL PROPERTIES OF SPECIMENS FOR WEB CRIPPLING TESTS-SINGLE UNREINFORCED WEBS
CORNELL TESTS (HAT SECTIONS)
(Continued)
Specimen Parameters and Sectional Properties
No. Nit hit R/t wit (wlt)l' F Pv Sx s' S~N 1m y x
(in. ) (kai) (in~) (in~) (in:) (in:)
89 1. 50 25.04 198.33 3.0 -- -- 31.10 1.423 -- -- --
90 2.50 42.16 200.34 3.0 -- -- 30.60 1.409 -- -- --




92 1.50 21. 77 172 .13 1.0 -- -- 54.90 1.634 -- -- --
93 2.50 36.71 174.16 1.0 -- -- 53.90 1. 615 -- -- --
94 0.75 11. 23 177.69 3.0 -- -- 54.00 1.586 -- -- --
95 1. 50 22.80 180.40 3.0
-- --
53.40 1.562 -- -- --
96 2.50 37.54 178.23 3.0 -- -- 53.80 1. 581 -- -- --
18-F2 2.50 56.18 166.54 1. 93 -- -- 32.80 0.660 -- -- --
18-F3 2.50 56.18 166.54 1. 93 -- -- 32.80 0.660 -- -- --
1B-C1 2.50 56.18 65.42 1. 93 -- -- 32.80 0.259 -- -- --
IB-C4 2.50 36.18 65.42 1. 93 -- -- 32.80 0.259 -- -- --
1B-H5 2.50 56.18 166.54 1. 93 -- -- 32.80 0.660 -- -- --
1B-H5 2.50 56.18 166.54 1. 93 -- -- 32.80 0.660 -- -- --
1B-G1 2.50 56.18 65.42 1. 93 -- -- 32.80 0.259 -- -- --
1B-G3 2.50 56.18 65.42 1. 93 -- -- 32.80 0.259 -- -- --
16-E1 2.50 39.31 116.31 1.35 -- -- 27.00 0.939 -- -- --
16-E4 2.50 39.31 116.31 1. 35 -- -- 27.00 0.939 -- -- --
16-B2 2.50 39.31 45.17 1. 35 -- -- 27.00 0.565 -- -- --
16-B4 2.50 39.31 45.17 1. 35 -- -- 27.00 0.365 -- -- --
14-D4 2.50 34.53 101. 59 1.19 -- -- 37.75 1.065 -- -- --
14-D6 2.50 34.53 101. 59 1.19 -- -- 37.75 1.065 -- -- --
14-A1 2.50 34.53 39.43 1.19 -- -- 37.75 0.413 -- -- --
14-A6 2.50 34.53 39.43 1.19 -- -- 37.75 0.413 -- -- --
Note: 1. Specimens No. 1 through 48 are for Interior One-Flange Loading, Specimens No. 49 through 96





COMPARISON OF THE TESTED AND COMPUTED LOADS FOR WEB CRIPPLING
INTERIOR ONE~FLANGE LOADING
SINGLE UNREINFORCED WEBS
Specimen Test Data, per web Computed Data, per web M V (Pu)test (Pu)test
No. tPu)test M V (Pu)comp (P~)comp ~ Vu M V (Pu)comp (P~)compu ukins inch-kips kips kin!': kins inch-kips kips
SU-I-IOF-1 1.260 11.97 0.630 0.948 1.122 59.31 1.923 0.202 0.328 1.329 1.123
SU-1-IOF-2 1.175 11.16 0.588 0.925 1.102 58.07 1.854 0.192 0.317 1.270 1.066
SU-1-IOF-5 1.450 13.78 0.725 1.070 1.453 60.57 1.980 0.228 0.366 1.355 0.998
SU-1-IOF-6 1.385 13.16 0.693 1.037 1.420 59.65 1.921 0.221 0.361 1.336 0.975
SU-2-IOF-1 1.145 12.60 0.573 0.841 1.081 72.88 1.685 0.173 0.340 1.361 1.059
SU-2-IOF-2 1.305 14.36 0.653 0.900 1.140 75.95 1.794 0.189 0.364 1.450 1.144
SU-2-IOF-5 1.385 15.24 0.693 0.782 1.286 70.25 1.587 0.217 0.437 1. 771 1.076
SU-2-IOF-6 1.455 16.01 0.728 0.841 1.349 73.03 1.685 0.219 0.432 1.730 1.079
SU-5-IOF-l 1.403 8.766 0.702 1.436 1.528 46.32 3.300 0.189 0.213 0.977 0.918
SU-5-IOF-2 1.480 9.250 0.740 1.486 1.577 46.77 3.449 0.198 0.215 0.996 0.938
SU-5-IOF-3 1.750 10.94 0.875 1.590 1. 753 46.72 3.401 0.234 0.257 1.101 0.998
SU-5-IOF-4 1.830 11.44 0.915 1.637 1. 791 47.12 3.510 0.243 0.261 1.118 1.022
SU-5-IOF-5 2.080 13.00 1.040 1. 768 1.986 46.81 3.487 0.278 0.298 1.177 1.047
SU-5-IOF-6 1.835 11.47 0.918 1. 750 1.968 46.98 3.464 0.244 0.265 1.049 0.932
SU-6.!.IOF-l 1.480 9.250 0.740 1.375 1.502 62.93 3.021 0.147 0.245 1.076 0.985
SU-6.!.IOF-2 1.580 9.875 0.790 1.386 1.515 63.35 3.011 0.156 0.262 1.140 1.043
SU-6.!.IOF-3 1.890 11.81 0.945 1.449 1.657 62.30 2.929 0.196 0.323 1.304 1.141
SU-6.!IOF-4 1.815 11.34 0.908 1.450 1.659 63.07 2.950 0.180 0.308 1.252 1.094
SU-6.!IOF-5 2.085 13.03 1.043 1.517 1.805 61. 73 2.872 0.211 0.363 1.374 1.155









Specimen Test Data, per web Computed Data, per web M V (P) test (Pu)test
-No. TPu) test M V ~l:'u)comp ~Pu) comp Mu Vu M V (P) comp (P~)compu u
ldn$:l inch-ki~s kips 'k;n", kins inch-kips kips
M-SU-6.!.IOF-1 1.650 10.31 0.825 1.387 1.514 63.42 3.051 0.163 0.270 1.190 1.089
M-SU-6.!.rOF-2 1.643 10.27 0.822 1.374 1.501 63.67 3.016 0.161 0.273 1.196 1.094
M-SU-6.!.IOF-5 2.045 12.78 1.023 1.620 1.906 63.78 3.109 0.200 0.329 1.268 1.072
M-SU-6.!.IOF-6 2.140 13.38 1.070 1.568 1.853 61.67 2.898 0.217 0.369 1.365 1.154
U-SU-17-IOF-5 1.500 8.250 0.750 1.597 1.716 33.40 3.981 0.247 0.188 0.939 0.874
U-SU-17-IOF-6 1.525 8.388 0.763 1.598 1.717 33.27 3.986 0.252 0.191 0.954 0.890
U-SU-18-IOF-5 1.690 15.21 0.845 1.108 1.458 61.75 2.140 0.246 0.395 1.525 1.159
U-SU-18-IOF-6 1.465 13.19 0.733 1.100 1.454 62.03 2.129 0.213 0.344 1.332 1.007
13 2.030 12.18 1.015 1.830 1.891 41.72 5.942 0.292 0.171 1.109 1.074
14 1.880 11.28 0.940 ] .080 2.114 44.72 5.735 0.252 0.163 0.904 0.889
16 1.720 10.32 0.860 1.730 1. 726 44.84 6.039 0.230 0.142 0.994 0.997
17 1.980 11.88 0.990 1.670 1.732 39.94 5.800 0.297 0.171 1.186 1.143
18 1.910 11.46 0.955 1.800 1.913 40.12 5.819 0.286 0.164 1.061 0.998
19 3.500 21.00 1.750 2.930 2.979 70.31 7.715 0.298 0.227 1.195 1.175
20 3.390 20.34 1.695 3.180 3.267 70.56 8.005 0.288 0.212 1.066 1.038
22 3.110 18.66 1.555 2.570 2.622 70.31 7.715 0.265 0.202 1.210 1.186
! 23 3.140 18.84 1.570 2.740 2.813 69.30 7.819 0.272 0.201 1.146 1.116
24 3.350 20.10 1.675 3.000 3.171 70.52 7.818 0.285 0.214 1.117 1.056
25 1.550 13.95 0.775 1.780 1.856 54.96 4.114 0.254 0.188 0.871 0.835
26 1.538 13.84 0.769 1.760 1.887 51.24 4.000 0.270 0.192 0.874 0.815
28 1.300 11.70 0.650 1. 740 1.756 59.72 4.114 0.196 0.160 0.747 0.740
29 1.410 12.69 0.705 1.420 1.559 49.04 3.993 0.259 0.177 0.993 0.904









Specimen Test Data, per web Computed Data, per web M V (Pu)test (Pu)test
No. (Pu)test M V (Pu>comp (Pu>comp ~ Vu M V (Pu)comp (P' )u u u compkiD~ inch-kips kips kiDS kiDS inch-kips kips
31 2.400 21.60 1.200 2.640 2.812 82.49 5.210 0.262 0.230 0.909 0.853
34 2.400 21.bO 1.200 2.240 2.374 81.87 4.901 0.264 0.245 1.071 1.011
35 2.363 21.27 1.182 2.363 2.565 81.92 4.974 0.260 0.238 1.000 0.921
36 I 2.413 21.72 1.207 2.400 2.739 80.24 4.809 0.271 0.251 0.989 0.88137 I 1.450 17 .40 0.725 1.340 1.510 63.39 3.111 0.274 0.233 1.082 0.960
38 I 1.550 18.60 0.775 1.530 1. 755 67.72 3.316 0.275 0.234 1.013 0.883
39 I 1. 700 20.40 0.850 1.740 2.110 73.62 J.154 0.277 0.269 0.977 0.810
40 1.375 16.50 0.688 1.050 1.236 60.50 2.943 0.273 0.234 1.310 1.112
41 1.400 16.80 0.700 1.220 1.469 65.92 3.173 0.255 0.221 1.148 0.953
42 1.450 17.40 0.725 1.310 1.617 66.00 3.205 0.264 0.226 1.107 0.900
43 2.390 28.68 1.195 2.430 2.699 113.29 4.155 0.253 0.288 0.984 0.886
44 2.300 27.60 1.150 2.440 2.907 113.93 4.155 0.242 0.276 0.943 0.800
46 2.250 27.00 1.125 2.270 2.392 117 .23 4.082 0.230 0.276 0.991 0.941
47 2.526 30.30 1.263 2.200 2.598 118.03 4.252 0.257 0.297 1.148 0.972
48 2.576 30.90 1.288 2.260 2.739 114.18 4.100 0.271 0.314 1.139 0.940
Mean 1.146 0.997
Standard deviation 0.192 0.107
Note: 1. Specimens No. 13 through 48 are the results of web crippling tests conducted at Cornell University (32).
2. For the cross section configuration of Specimens No. 13 to 24, see Fig. 5(a). For the cross section





iCOMJ-ilAAISON OF THE TESTED AND COMPUTED LOADS FOR WEB CRIPPLING
END ONE-FLANGE LOADING
SINGLE UNREINFORCED WEBS
Test Data, per web Computed Data, per web
V
(P ) (Pu)test
Specimen No. , u test
V (P ) (P' )(Pu)test V (Pu ) cemp (P' ) V u u camp u campu camp u
kips kips kips kips kips
SU-1-EOF-1 0.575 0.288 0.334 0.503 1.857 0.167 1. 722 1.142
SU-1-EOF-2 0.505 0.253 0.348 0.520 1. 918 0.174 1.451 0.972
SU-1-EOF-5 0.650 0.325 0.359 0.742 2.042 0.159 1.811 0.875
SU-1-EOF-6 0.620 0.310 0.380 0.736 2.169 0.190 1.632 0.842
SU-2-EOF-1 0.495 0.248 0.278 0.463 1.644 0.151 1.781 1.068
SU-2-EOF-2 0.505 0.253 0.265 0.449 1.595 0.159 1.906 1.125
SU-2-EOF-5 0.560 0.280 0.064 0.603 1.589 0.176 -- 0.929
SU-2-EOF-6 0.560 0.280 0.032 0.568 1.500 0.187 -- 0.986
SU-4-EOF-1 0.898 0.449 0.695 0.894 3.978 0.113 1.292 1.004
SU-4-EOF-2 0.905 0.453 0.716 0.921 3.970 0.114 1.265 0.983
SU-4-EOF-3 1.038 0.519 0.892 1.031 3.879 0.134 1.163 1.007
SU-4-EOF-4 1.000 0.500 0.881 1.020 3.845 0.130 1.135 0.981
SU-4-EOF-5 1.125 0.563 1.122 1. 206 3.966 0.142 1.002 0.933
SU-4-EOF-6 1.105 0.553 1.120 1.150 3.722 0.149 0.987 0.961
SU-5-EOF-1 0.880 0.440 0.640 0.825 3.389 0.130 1.375 1.067
SU-5-EOF-2 0.838 0.419 0.670 0.883 3.522 0.119 1. 251 0.949
SU-5-EOF-3 0.990 0.495 0.816 1.009 3.479 0.142 1. 214 0.981
SU-5-EOF-4 0.970 0.485 0.774 0.960 3.376 0.144 1.253 1.010
SU-5-EOF-5 1.006 0.503 0.958 1.134 3.403 0.148 1.050 0.887
SU-5-EOF-6 1.068 0.534 0.933 1.109 3.303 0.162 1.144 0.963,
1.444 2.808 0.158 1.525SU-6-EOF-1 0.888 0.582 0.792 1.121
SU-6.!EOF-2 0.875 0.438 0.557 0.759 2.787 0.157 1.571 1.153,
0.451 0.664 2.756 0.164 1.359SU-6-EOF-3 0.903 0.905 0.998
SU-6.!EOF-4 0.935 0.478 0.625 0.855 2.703 0.177 1.528 1.093
SU-6.!EOF-5 1. 045 0.523 0.775 1.042 2.870 0.182 1. 349 1.003









Test Data, per web Computed Data, per web V (P) test (P )Specimen No. u tentV (Pu> camp (PI) -(Pu\est V (P ) (P~) camp V u u cor,lpu camp u
kips kips kips kips kips
M-SU-4-EOF-l 0.875 0.438 0.690 0.887 3.991 0.110 1.269 0.987
M-SU-4-EOF-2 0.873 0.436 0.701 0.902 4.137 0.105 1. 245 0.968
M-SU-4-EOF-5 1. 483 0.741 1.123 1.203 4.001 0.185 1.320 1. 232
M-SU-4-EOF-6 1.406 0.703 1.090 1.170 3.979 0.177 1.290 1.202I 0.850 0.783 0.147 1.085M-SU-6-EOF-l 0.425 0.576 2.897 1.475I 0.869 0.799 1.087M-SU-6-EOF-2 0.434 0.589 2.965 0.146 1.476
M-SU-6..!EOF-5 1.175 0.588 0.778 1.044 2.882 0.204 1.510 1.126
M-SU-6..!EOF-6 1.180 0.590 0.826 1.092 3.039 0.194 1.429 1.081
U-SU-17-EOF-l 0.628 0.314 0.657 0.583 3.832 0.082 0.956 1.077
U-SU-17-EOF-2 0.598 0.299 0.660 0.584 3.867 0.077 0.906 1.024
U-SU-17-EOF-5 0.898 0.449 1.067 0.781 3.992 0.112 0.842 1.150
U-SU-17-EOF-6 0.835 0.418 1.040 0.765 3.853 0.108 0.803 1.091
U-SU-18-EOF-l 0.472 0.236 0.443 0.490 2.019 0.117 1.065 0.963
U-SU-18-EOF-2 0.428 0.214 0.454 0.500 2.072 0.103 0.943 0.855
U-SU-18-EOF-S 0.568 0.254 0.505 0.698 2.259 0.112 1.125 0.814
U-SU-18-EOF-6 0.545 0.273 0.460 0.669 2.114 0.129 1.185 0.815
49 Omitted; unreliable test
50 1.443 0.722 1. 214 1.428 3.054 0.236 1.188 1.011
51 1. 790 0.895 1. 576 1. 623 3.016 0.300 1.136 1.103
52 Omitted; unreliable test
53 0.863 0.432 0.803 0.940 2.900 0.149 1.074 0.918
54 1.113 0.557 0.971 0.996 2.600 0.214 1.146 1.118
55 1. 795 0.898 1.401 1. 933 5.317 0.169 1. 281 0.929
56 2.073 1.037 1.743 2.078 5.213 0.199 1.188 0.998
57 2.498 1.249 2.135 2.210 5.122 0.244 1.170 1.130









Test Data, per web Compute d Data, per web V (Pu ) test (Pu)testSpecimen No.
V (Pu)comp (p r)(P) test V (P ) (PI) V U u compu comp u comp u
kips kips kips kips kips
59 1. 670 0.835 1.194 1.418 5.278 0.158 1. 398 1.178
60 2.100 1.050 1.508 1.562 5.202 0.202 1.392 1.345
61 0.880 0.440 0.829 1.129 5.900 0.075 1.061 0.779
62 1.005 0.503 0.914 1.143 5.440 0.092 1.099 0.879
63 1.188 0.594 1. 346 1.536 5.712 0.104 0.883 0.773
64 0.575 0.288 0.680 0.788 5.861 0.049 0.991 0.729
65 0.920 0.460 0.688 0.860 5.782 0.080 1.337 1.070
66 0.975 0.488 0.819 0.944 5.630 0.087 1.190 1.033
67 1.605 0.803 1. 318 1.813 8.680 0.093 1. 220 0.885
68 1. 750 0.875 1.556 1.951 8.534 0.103 1.124 0.897
69 1. 963 0.982 1. 894 2.169 8.375 0.117 1.036 0.905
70 1.200 0.600 0.912 1.256 8.607 0.070 1.315 0.955
71 1. 675 0.840 1.144 1.436 9.198 0.091 1.464 1.166
72 1. 970 0.985 1.433 1.640 9.367 0.105 1. 375 1.201
73 0.700 0.350 0.707 0.698 4.135 0.085 0.989 1.003
74 0.790 0.395 0.791 0.776 4.179 0.095 0.998 1.018
75 0.855 0.428 0.859 0.846 4.032 0.106 0.995 1.0ll
76 0.410 0.205 0.517 0.511 4.096 0.050 0.792 0.802
77 0.450 0.225 0.544 0.536 4.054 0.056 0.827 0.840
78 0.525 0.263 0.593 0.582 4.075 0.065 0.885 0.902
79 LOIS 0.508 1. 073 1.051 5.089 0.099 0.945 0.966
80 0.913 0.456 1.200 1.153 4.924 0.093 0.761 0.792
81 1.073 0.537 1.345 1.270 4.881 O.llO 0.796 0.845
82 0.748 0.374 0.749 0.734 4.926 0.076 0.998 1.019
83 0.808 0.404 0.852 0.818 4.994 0.081 0.947 0.988
84 0.918 0.459 0.954 0.902 4.833 0.095 0.962 1.018









Test Data, per web Computed Data, per web V (P)test (Pu)te~tSpecimen No. V (P ) (P') -
(Pu)test V (Pu ) comp (P~) comp V u u comp u compu
kips kips kips kips kips
86 0.625 0.313 0.637 0.735 3.211 0.097 0.980 0.850
87 Omitted; unreliable test
88 0.418 0.209 0.423 0.441 3.065 0.068 0.988 0.947
89 0.750 0.375 0.413 0.485 3.048 0.123 1.816 1.547
90 Omitted; unreliable test
91 1.170 0.585 1.160 1.166 4.685 0.125 1.008 1.004
92 1.228 0.614 1.203 1. 263 4.644 0.132 1.021 0.972
93 1.285 0.643 1.227 1. 372 4.484 0.143 1.047 0.937
94 1.015 0.508 0.741 0.749 4.231 0.120 1. 369 1.355
95 0.973 0.487 0.735 0.795 4.043 0.120 1.324 1.224
96 0.950 0.475 0.800 0.917 4.192 0.113 1.187 1.036
\18-F2 0.550 0.275 0.408 0.615 1.702 0.162 1. 348 0.895
18-F3 0.580 0.280 0.408 0.615 1.702 0.165 1.422 0.944 i18-Cl 0.765 0.383 0.760 0.777 2.193 0.175 1.006 0.984
18-C4 0.725 0.363 0.760 0.777 2.193 0.166 0.954 0.933
18-H5 0.610 0.305 0.408 0.615 1.702 0.179 1.495 0.992
18-H5 0.650 0.325 0.408 0.615 1.702 0.191 1.593 1.057
18-G1 0.710 0.355 0.760 0.777 2.193 0.162 0.934 0.914
18-G3 0.695 0.348 0.760 0.777 2.193 0.159 0.914 0.894
16-E1 1.220 0.610 0.972 1.214 4.965 0.123 1. 255 1.005
16-E4 1.230 0.615 0.972 1.214 4.965 0.124 1. 265 l.013
16-B2 1.550 0.775 1.320 1.412 2.545 0.305 1.174 1.097









Test Data~ per web Computed Data~ per web V (pu) test (P )u test
Specimen No.
(Pu) test V (Pu) comp (P~) comp V V (P) comp (P~) compI uu
kips kips lcips kips kips
14-D4 1.700 0.850 1. 766 2.022 7.381 0.115 0.963 0.841
14-06 1.695 0.848 1.766 2.022 7.381 0.115 0.960 Q~838
14-A1 2.110 1.055 2.240 2,303 4.023 0.262 0.942 0~916
14-A6 2.260 1.130 2.240 2.303 4.023 0.281 1.009 0.981
Mean 1.193 See





Specimens No. 49 through 96 and no. 1B-F2 through 14-A6 are the results of web crippling tests
conducted at Cornell University (32).
In the evaluation of (Pu)test/(Pu)com ' specimens nos. SU-2-EOF-5 and SU-2-EOF-6 were not.
included because these two specimenb gad hit ~ 250 and Nit ~ 60 which are beyond the scope of
the original formula.
For the cross section configuration of Specimens Nos. 49 to 72, see Fig. 5(a). For the cross
section configuration of Specimens No. 73 to 96~ see Fig. 5(b). The inverted hat section
shown in Fig. 5(b) was used for Specimens No. IB-F2 to 14-A6.















COMPARISON OF THE TESTED AND COMPUTED LOADS FOR WEB CRIPPLING
INTERIOR TWO-FLANGE LOADING
SINGLE UNREINFORCED WEBS
Test Data t Computed Data, per web (Pu)test (Pu) testper webSpecimen No. CPu)test CP u) cpmp (P~)comp (Pu)comp (P' )
kips kips kips u comp
SU-1-ITF-1 0.770 0.957 0.805 0.805 0.956
SU-I-ITF-2 0.785 0.929 0.776 0.845 1.012
SU-I-ITF-j 0.795 1.036 0.847 0.767 0.938
SU-I-ITF-6 0.820 0.969 0.784 0.846 1.046
SU-2-ITF-1 0.610 0.787 0.509 0.775 1.198
SU-2-ITF-2 0.610 0.763 0.486 0.800 1.255
SU-2-ITF-5 0.630 0.787 0.546 0.801 1.154
SU-2-ITF-6 0.595 0.729 0.495 0.816 1.202
SU-4-ITF-1 1. 715 1.693 1.883 1.013 0.911
SU-4-ITF-2 1. 725 1. 707 1.899 1..011 0.908
SU-4-ITF-3 1.915 1.725 1. 777 1.110 1.078
SU-4-ITF-4 1.980 1.781 1.828 1.112 1.083
SU-4-ITF-5 2.210 2.030 1.994 1.089 1.108
SU-4-ITF-6 2.310 1.944 1.895 1.189 1.218
SU-5-ITF-1 1.508 1.472 1.557 1.024 0.969
SU-5-ITF-2 1.530 1.493 1.583 1.024 0.967
SU-5-ITF-3 1.550 1.636 1.637 0.947 0.947
SU-5-ITF-4 1. 710 1.608 1.606 1.064 1.064
SU-5-ITF-5 1.620 1.763 1.647 0.919 0.984
SU-5-ITF-6 1.610 1. 737 1.670 0.927 0.964
SU-6..!.ITF-1 1.465 1.343 1.350 1.091 1.085
SU-6..!.ITF-2 1.233 1.361 1.369 0.905 0.901
SU-6..!.ITF-3 1.225 1.495 1.438 0.819 0.852
SU-6..!.ITF-4 1.280 1.442 1.381 0.888 0.927
SU-6..!.ITF-5 1.330 1.614 1.416 0.824 0.939
SU-6..!.ITF-6 1.250 1.504 1.456 0.831 0.859
U-SU-17-ITF-5 1.605 1.637 1.576 0.980 1.018
U-SU-17-ITF-6 1.605 1.607 1.544 0.998 1.040
U-SU-19-ITF-5 0.750 1.098 0.922 0.683 0.813
U-SU-19-ITF-6 0.745 1.092 0.914 () hR? 0.815
Mean 0.920 1.007
Standard deviation o 11? 0.110






COMPARISON OF THE TESTED AND COMPUTED LOADS FOR WEB CRIPPLING
END TWO-FLANGE LOADING
SINGLE UNREINFORCED WEBS
Test Data, I (P) IComputed Data, per web I (P) testper web , ' u test !Specimen No. ~Pu)test U:'u) camp \.t'u) comp 1 (P ) (p' ) !u camp u camp ikips kips kips --t I
---jSU-I-ETF-l 0,320 0.298 0.278 I 1.074 1.153 I
SU-I-ETF-2 0.310 0.323 0,298 i 0.960 1.041 II i ISU-I-ETF-5 0.380 0.297 0.414 i 1.279 0.917ISU-I-ETF-6 0.355 I 0.316 0.428 1.123 0.830 IISU-2-ETF-l 0.280 0.237 0.229 I 1.181 1.221 ISU-2-ETF-2 0.280 0.287 0.269 0.976 1.042 !I ISU-2-ETF-5 0.315 0.023 0.308 I
* 1. 023I iSU-2-ETF-6 0.290 0.098 0.309
I *
0.939
SU-4-ETF-l 0.685 0.677 0.603 1.011 1.136
SU-4-ETF-2 0.668 0.708 0.633 0.943 1.056
SU-4-ETF-3 0.745 0.924 0.737 0.807 1.011
SU-4-ETF-4 0.750 0.926 0.738 0.810 1.017
0.765 1.088 ISU-4-ETF-5 0.804 0.703 0.952
SU-4-ETF-6 0.775 1.088 0.804 0.712 0.964
SU-5-ETF-1 0.600 0.650 0.582 0.923 1.031
SU-5-ETF-2 0.615 0.658 0.589 0.935 1.043
SU-5-ETF-3 0.615 0.804 0.673 0.765 0.914
SU-5-ETF-4 0.625 0.760 0.637 0.823 0.982
SU-5-ETF-5 0.685 0.975 0.776 0.703 0.883
SU-5-ETF-6 0.675 0.944 0.754 0.715 0.895
SU-6.!ETF-1 0.585 0.542 0.488 1.079 1.198
SU-6.!ETF-2 0.545 0.573 0.516 0.951 1. 057
SU-6.!ETF-3 0.608 0.630 0.565 0.964 1.076
SU-6..!ETF-4 0.595 0.659 0.588 0.903 1. 011, 0.665 0.748 0.667 0.889SU-6-ETF-5 0.996, 0.660 0.774 0.685 0.853SU-6-ETF-6 0.963
U-SU-17-ETF-5 0.780 1.036 0.760 0.753 1.027
U-SU-17-ETF-6 0.755 1.062 0.777 0.711 0.972
U-SU-19-ETF-5 0.455 0.458 0.551 0.993 0.826
U-SU-19-ETF-6 0.470 0.460 0.551 1.022 0.852__
Mean 0.913 1.001
Standard deviation 0.150 0.096
Note: For two-flange loading, moment and shear at the location of bearing plates
are zero












IOF - Interior One-Flange Loading
EOF - End One-Flange Loading
ITF - Interior Two-Flange Loading
ETF - End Two-Flange Loading
1
Test No.












DESIGNATION OF CORNELL TESTS USED IN
TABLES 6(b), 7(d), and 8(a) to 8(d)
IOF
Loading Conditions
IOF - Interior One-Flange Loading
EOF - End One-Flange Loading
ITF - Interior Two-Flange Loading





DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS, I-SECTIONS HAVING UNREINFORCED WEBS
Specimen Cross-Section Dimensions (in.) Total
No. lengtht B1 B2 B3 B4 dl d2 D1 D2 BB h R (in. )
I-1-IOF-1 0.0480 1.500 1.490 1.471 1.491 0.609 0.649 9.985 9.975 2.976 9.884 0.1250 42
I-1-IOF-2 0.0480 1.450 1.472 1.437 1.456 0.646 0.652 9.951 9.950 2.908 9.951 0.1250 42
I-1-IOF-5 0.0485 1.450 1.453 1.486 1.487 0.659 0.625 9.984 9.968 2.938 9.879 0.1250 42
I-1-IOF-6 0.0480 1.398 1.485 1.489 1.478 0.705 0.653 9.939 9.967 2.926 9.857 0.1250 42
I-1-EOF-1 0,0475 1.487 1.481 1.458 1.494 0.605 0.688 9.945 9.925 2.960 9.840 0.1250 42
I-I-EOF-2 0.0470 1.379 1.475 1.479 1.436 0.735 0.681 9.883 9.905 2.884 9.800 0.1250 42
I-I-EOF-5 0.0470 1.459 1.510 1.517 1.510 0.678 0.628 9.951 9.939 2.998 9.851 0.1250 42
I-I-EOF-6 0.0460 1.434 1.453 1.518 1.455 0.710 0.626 9.936 9,936 2.930 9.844 0.1250 42
I-1-ITF-1 0.0465 1.509 1.497 1.461 1.444 0.633 0.699 9,973 9.918 2,956 9.853 0,1250 21
I-1-ITF-2 0.0480 1,462 1.463 1.480 1.499 0.656 0,646 9.962 10.01 2.952 9.891 0,1250 21
I-I-ITF-5 0.0460 1.498 1.468 1.516 1.525 0.678 0.638 9.940 9.943 3,002 9.850 0.1250 21
I-1-ITF-6 0.0470 1.490 1.521 1.487 1.512 0.671 0.632 9.927 9.950 3.006 9.845 0.1250 21
I-1-ETF-1 0.0480 1.515 1.502 1.508 1.469 0.629 0.648 9.919 9.957 2.998 9.842 0.1250 21
I-1-ETF-2 0.0490 1. L:87 1.484 1.465 1.475 0.625 0.647 9.970 9.968 2.956 9.871 0.1250 21
I-I-ETF-5 0.0490 1.500 1.443 1.507 1.467 0.673 0.644 9.916 9.910 2.958 9.815 0.1250 21
I-I-ETF-6 0.0490 1.542 1.449 1.511 1.485 0.655 0.619 9.958 9.975 2.954 9.869 0.1250 21
I-2-IOF-1 0.0490 1.460 1.435 1.459 1.447 0.703 0.673 12.34 12.34 2.900 12.24 0.1250 48
I-2-IOF-2 0.0500 1.465 1.506 1.461 1.470 0.658 0.680 12.34 12.34 2.952 12.26 0.1330 48
I-2-IOF-5 0.0485 1.448 1.513 1.497 1.482 0.654 0.682 12.33 12.33 2,970 12.23 0.1250 48
1-2-IOF-6 0.0500 1.483 1.507 1.503 1.500 0.647 0.631 12.35 12.37 2,996 12.26 0.1250 48
1-2-EOF-l 0.0485 1.497 1.522 1.523 1.489 0.662 0.673 12.34 12.34 3,016 12.24 0.1250 48
1-2-EOF-2 0.0480 1.481 1.488 1.515 1.514 0.700 0.680 12.34 12.33 3.000 12.24 0.1250 48
1-2-EOF-5 0.0490 1.513 1.491 1.508 1.520 0.648 0.682 12.34 12.34 3.016 12.24 0.1250 48
1-2-EOF-6 0.0500 1.454 1.469 1.504 1.466 0.722 0.631 12.34 12.33 2.946 12.23 0.1250 48
I-2-ITF-1 0.0480 1.478 1.470 1.467 1.467 0.698 0.632 12.30 12.28 2,942 12.19 0.1250 24
1-2-ITF-2 0.0475 1.500 1.500 1.461 1.468 0.606 0.645 12.27 12.29 2.964 12.19 0.1250 24
1-2-ITF-5 0.0470 1.500 1.497 1.501 1.473 0.629 0.637 12.32 12.31 2,986 12.22 0.1250 24






DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS, I-SECTIONS HAVING UNREINFORCED WEBS
(Continued)
Specimen Cross-Section Dimensions (in.) TotallengthNo. t B1 B2 B3 B4 d1 d2 D1 D2 BB h R (in. )
1-2-ETF-1 0.0470 1.538 1.443 1.486 1.448 0.628 0.680 12.32 12.36 2.958 12.25 0.1250 24
1-2-ETF-2 0.0460 1.509 1.491 1.474 1.499 0.679 0.678 12.35 12.31 2.986 12.24 0.1250 24
1-2-ETF-5 0.0475 1.472 1.515 1.473 1.474 0.600 0.672 12.40 12.33 2.968 12.27 0.1250 24
1-2-ETF-6 0.0460 1.482 1.494 1.469 1.482 0.686 0.672 12.28 12.30 2.964 12.20 0.1250 24
1-3-IOF-1 0.0490 1.981 1.992 2.007 1.976 0.608 0.605 7.374 7.386 3.978 7.282 0.0938 34
1-3-IOF-2 0.0500 1.972 1.975 1.997 1.988 0.601 0.609 7.389 7.388 3.966 7.289 0.0938 34
1-3-IOF-5 0.0490 2.006 1.977 1.990 1.979 0.624 0.599 7.355 7.367 3.976 7.263 0.0938 34
1-3-IOF-6 0.0490 2.001 1.977 1.971 1.975 0.619 0.614 7.358 7.367 3.962 7.265 0.0938 34
1-3-EOF-l 0.0490 2.008 2.013 2.005 2.003 0.620 0.607 7.353 7.369 4.014 7.263 0.0938 34
1-3-EOF-2 0.0500 2.003 2.007 2.018 2.004 0.605 0.599 7.338 7.336 4.016 7.237 0.0938 34
1-3-EOF-5 0.0495 2.000 2.005 2.015 2.001 0.606 0.603 7.382 7.341 4.010 7.263 0.0938 34
1-3-EOF-6 0.0490 1.997 2.001 2.007 1.989 0.612 0.610 7.377 7.357 3.998 7.269 0.0938 34
1-3-ITF-l 0.0500 1.984 1.995 1.986 1.994 0.607 0.608 7.358 7.383 3.980 7.284 0.0898 17
1-3-ITF-2 0.0500 1.979 1.981 1.981 1.989 0.601 0.618 7.386 7.382 3.966 7.284 0.0938 17
1-3-ITF-5 0.0500 1.990 1.990 1.989 1.991 0.609 0.620 7.375 7.373 3.980 7.274 0.0898 17
1-3-ITF-6 0.0490 1.999 2.002 1.994 2.002 0.611 0.608 7.371 7.391 4.000 7.283 0.0938 17
1-3-ITF-1* 0.0490 1.986 1.983 1.980 1.977 0.611 0.613 7.391 7.355 3.964 7.275 0.0938 17
1-3-ITF-2* 0.0500 1.987 1.992 2.003 1.990 0.627 0.596 7 .399 7.388 3.992 7.292 0.0938 17
1-3-ITF-5* 0.0495 1.987 2.004 1.988 1.974 0.617 0.612 7.378 7.396 3.976 7.288 0.0938 17
1-3-ITF-6* 0.0490 1.977 1.984 1.996 1.974 0.612 0.605 7.396 7.377 3.970 7.289 0.0938 17
1-3-ETF-1 0.0500 2.000 2.009 2.004 2.004 0.607 0.610 7.350 7.362 4.000 7.256 0.0938 17
1-3-ETF-2 0.0495 2.000 2.009 2.003 2.003 0.607 0.609 7.348 7.356 4.000 7.253 0.0938 17
1-3-ETF-5 0.0500 1.992 1.996 1.998 1.997 0.620 0.600 7.370 7.381 3.992 7.276 0.0938 17
I-3-ETF-6 0.0490 1.987 1.999 1.977 2.009 0.613 0.602 7.385 7.366 3.986 7.278 0.0938 17
1-3-ETF-1* 0.0500 2.000 2.006 2.015 2.000 0.610 0.611 7.375 7.343 4.010 7.259 0.0938 17
1-3-ETF-2* 0.0500 2.001 1.978 2.013 2.000 0.607 0.606 7.362 7.378 3.996 7.270 0.0938 17
I-3-ETF-5* 0.0490 1.981 1.989 1.987 1.997> 0.619 0.615 7.371 7.377 3.978 7.276 0.0938 17
I-3-ETF-6* 0.0500 1.990 1.993 1.997 2.005 0.621 0.610 7.382 7 .350 3.994 7.266 0.0938 17 f-',~
.j::-.
TABLE 6(a)
DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS ~ I-SECTIONS HAVING UNREINFORCED WEBS
(Continued)
Specimen Cross-Section Dimensions (in.) Total
No. lengtht B1 B2 B3 B4 d1 d2 D1 D2 BB h R (in. )
I-3-IOF-1 0.0460 1.931 1.959 1.938 1.931 0.600 0.643 7.075 7.102 3.880 6.997 0.0938 32-
I-3.!.IOF-2 0.0460 1.937 1.935 1.927 1.973 0.608 0.607 7.112 7.065 3.886 6.997 0.0938 32
I-3.!.IOF-5 0.0460 1.916 1.933 1.959 1.928 0.602 0.601 7.172 7.116 3.868 7.052 0.0938 32
I-3.!.IOF-6 0.041)0 1.924 1.952 1.922 1.928 0.605 0.590 7.106 7.108 3.864 7.015 0.0938 32
I-3-EOF-1 0.0460 1.962 1.915 1.915 1.953 0.596 0.628 7.066 6.962 3.872 6.922 0.0938 32
I-3.!.EOF-2 0.0460 1.949 1.903 1.917 1.951 0.635 0.590 7.000 7.033 3.860 6.925 0.0938 32
I-3.!.EOF-5 0.0460 1.942 1.956 1.939 1.945 0.642 0.639 7.077 7.113 3.892 7.002 0.0938 32
I-3.!.EOF-6 0.0460 1.950 1.934 1.905 1.931 0.630 0.608 6.997 7.064 3.860 6.939 0.0938 32
3.488
I-5.!.IOF-5 0.0600 1. 739 1. 749 1.885 1.917 0.540 0.513 7.277 7.313 3.802 7.175 0.0938 34
3.480
I-5.!.IOF-6 0.0590 1. 735 1.745 1.880 1.895 0.528 0.520 7.292 7.337 3.776 7.197 0.0938 34
3.484
I-5!-EOF-5 0.0600 1.739 1.744 1.890 1.882 0.532 0.523 7.291 7.309 3.772 7.180 0.0938 34
3.482
I-S.!.EOF-6 0.0600 1. 740 1.742 1.884 1.884 0.534 0.516 7.278 7.316 3.768 7.177 0.0938 34
3.482
I-5!-ITF-5 0.0610 1.738 1.743 1.882 1.890 0.530 0.514 7.282 7.336 3.772 7.187 0.0938 17
3.490
I-S!-ITF-6 0.0615 1.742 1.748 1.888 1.885 0.535 0.530 7.347 7.280 3.774 7.191 0.1094 17
3.480
,
0.0600 1. 738 1. 742 1.881 1.886 0.541 0,525 7.268 7.325 3.768 7.177 0.0938 17I-S-ETF-5
3.490
,





DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS,
(Continued)
I-SECTIONS HAVING UNREINFORCED WEBS
Specimen Cross-Section Dimensions (in.) Total
No. lengtht Bl B2 B3 B4 d1 d2 D1 D2 BB h R (in. )
3.502
1-6-IOF-1 0.0752 1.750 1.751 1.931 1.936 0.509 0.544 7.286 7.321 3.868 7.154 0.1016 34
3.500
I-6-IOF-2 0.0752 1.750 1. 750 1.928 1.934 0.509 0.522 7.287 7.325 3.862 7.156 0.0938 I 34
3.572
I-6-IOF-5 0.0752 1. 789 1.783 1.929 1.931 0.493 0.529 7.398 7.399 3.860 7.249 0.0938 34
3.540
I-6-IOF-6 0.0751 1.768 1.772 1.930 1.934 0.496 0.517 7.381 7.420 3.;. 864 7.251 0.0938 34
3.530
I-6-IOF-7 0.0755 1.768 1. 762 1.930 1.927 0.497 0.521 7.417 7.391 3.858 7.255 0.0859 34
3.538
1-6-IOF-8 0.0750 1. 767 1.770 1. 929 1.933 0.502 0.515 7.390 7.430 3.862 7.260 0.0938 34
3.554
I-6-EOF-l 0.0750 1. 787 1.766 1.929 1.926 0.493 0.521 7.396 7.415 3.865 7.256 0.0938 34
3.534
1-6-EOF-2 0.0752 1. 766 1. 767 1. 936 1.930 0.495 0.515 7.403 7.390 3.866 7.247 0.0938 34
3.554
I-6-EOF-5 0.0750 1.781 1. 772 1.937 1.930 0.495 0.520 7.391 7.431 3.864 7.261 0.0938 34
3.556
1-6-EOF-6 0.0752 1.784 1.771 1,948 1.936 0.496 0.505 7.400 7.372 3.884 7.236 0.0938 34
3.500
1-6-EOF-7 0.077 5 1.746 1.753 1,927 1.933 0.512 0.530 7.318 7.327 3.860 7.168 0.0938 34
3.530





DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS, I-SECTIONS HAVING UNREINFORCED WEBS
(Continued)
Specimen Cross-Section Dimensions (in.) Total
No. lengtht Bl B2 B3 B4 dl d2 Dl D2 BB h R (in. )
3.548
1-6-ITF-l 0.0750 1.775 1.772 1.929 1.931 0.490 0.521 7.389 7.421 3.860 7.255 0.0938 17
3.540
1-6-ITF-2 0.0751 1.771 1.768 1.939 1.929 0.494 0.522 7.384 7.425 3.868 7.255 0.0938 17
3.526
I-6-ITF-5 0.0751 1.773 1.752 1.926 1.931 0.497 0.525 7.385 7.335 3.858. 7.210 0.0938 17
3.514
I-6-ITF-6 0.0750 1.765 1.748 1.930 1.934 0.502 0.528 7.385 7.332 3.864 7.209 0.0938 17
3.532
1-6-ITF-7 0.0760 1.765 1.767 1.926 1.933 0.513 0.513 7.371 7.411 3.860 7.239 0.0938 17
3.532
I-6-ITF-8 0.0760 1.764 1.768 1.924 1.932 0.509 0.513 7.391 7.436 3.856 7.262 0.0938 17
3.550
I-6-ETF-1 0.0751 1.775 1.775 1.938 1.930 0.496 0.514 7.380 7.350 3.868 7.215 0.0938 17
3.536
I-6-ETF-2 0.0750 1.766 1.769 1.933 1.931 0.500 0.522 7.372 7.437 3.864 7.255 0.0938 17
3.530
1-6-ETF-5 0.0752 1.772 1.757 1.933 1.936 0.500 0.527 7.392 7.337 3.870 7.215 0.0938 17
3.534
I-6-ETF-6 0.0752 1. 765 1.768 1.931 1.931 0.496 0,527 7.397 7.395 3.862 7.246 0.0938 17
3.538
I-6-ETF-7 0.0750 1.762 1.776 1.931 1.938 0.508 0.503 7.381 7.365 3.870 7.240 0.0938 17
3.532





DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS t I-SECTIONS HAVING UNREINFORCED WEBS
... - - -- -------
Specimen Cross-Section Dimensions (in.) Total
No. lengtht B1 B2 B3 B4 d1 d2 D1 D2 BB h R (in. )
I-6-IOF-l 0.0470 2.997 3.027 3.001 2.973 0.640 0.600 7.080 7.103 6.000 6.998 0.0938 32
I-6!!IOF-2 0.0460 2.941 2.995 3.015 2.929 0.670 0.680 6.924 6.975 5.940 6.858 0.0938 32
I-6!!IOF-5 0.0460 2.986 3.032 2.981 3.009 0.644 0.623 7.079 7.116 6.004 7.006 0.0938 32
I-6!!IOF-6 0.0460 2.938 2.940 2.951 2.946 0.683 0.673 6.931 6.974 5.890 b.861 0.0938 32
I-6-EOF-1 0.0470 3.002 2.998 3.031 3.024 0.600 0.630 7.117 7.124 6.028 7.027 0.0938 32
I-6!!EOF-2 0.0460 2.972 3.033 2.944 2.955 0.642 0.681 6.948 6.900 5.952 6.832 0.0938 32
I-6!!EOF-5 0.0460 2.988 2.976 2.934 2.964 0.679 0.664 6.947 7.003 5.932 6.883 0.0938 32
1-6!!EOF-6 0.0460 3.016 3.020 3.009 2.978 0.657 0.580 7.126 7.084 6.012 7.013 0.0938 32
1-6-ITF-1 0.0460 3.035 2.998 2.995 2.993 0.631 0.637 7.097 7.078 6.010 6.996 0.0938 16
1-6!.!ITF-2 0.0465 2.987 2.996 2.976 2.984 0.626 0.621 7.078 7.080 5.972 6.986 0.0938 16
" 0.0460 3.023 3.016 3.012 3.015 0.631 0.607 7.084 7.100 6.0341-6-ITF-5 7.000 0.0938 16
" 0.0460 3.007 3.002 2.953 2.971 0.675 0.5681-6-ITF-6 7.092 7.093 5.966 7.001 0.0938 16
I-6-ETF-1 0.0470 2.991 3.007 3.001 3.008 0.662 0.601 7.010 7.023 6.000 6.923 0.0938 16
1-6~ETF-2 0.0460 2.992 2.992 2.994 3.031 0.689 0.609 7.016 7.113 6.004 6.973 0.0938 16
" 0.0460 2.988 3.030 3.015 3.009 0.591 0.591 7.098 7.124 6.002 7.0191-6-ETF-5 0.0938 16
" 3.017 0.600 7.098 7.094 6.004 7.0041-6-ETF-6 0.0460 2.994 3.000 2.998 0.612 0.0938 16
1-9-IOF-1 0.0465 3.467 3.480 3.451 3.485 0.467 0.602 6.975 7.002 6.942 6.896 0.0938 32
1-9-IOF-2 0.0460 3.447 3.418 3.473 3.454 0.518 0.507 7.040 6.970 6.926 6.913 0.0938 32
1-9-IOF-5 0.0460 3.461 3.475 3.475 3.495 0.476 0.596 7.029 6.906 6.954 6.876 0.0938 32
1-9-IOF-6 0.0455 3.464 3.494 3.498 3.521 0.488 0.575 6.931 6.969 6.988 6.859 0.0938 32
1-9-EOF-1 0.0460 3.500 3.457 3.575 3.497 0.476 0.612 6.921 6.906 7.014 6.822 0.0938 32
1-9-EOF-2 0.0460 3.469 3.447 3.457 3.477 0.476 0.590 6.988 6.993 6.926 6.899 0.0938 32
I-9-EOF-5 0.0460 3.478 3.487 3.468 3.453 0.483 0.551 7.007 6.997 6.944 6.910 0.0938 32
I-9-EOF-6 0.0460 3.461 3.469 3.463 3.497 0.456 0.648 6.888 6.983 6.946 6.844 0.0938 32
1-12-IOF-1 0.0505 1.482 1.517 1.493 1.513 0.593 0.580 7.436 7.429 3.002 7.332 0.0938 34
I-12-IOF-2 0.0515 1.500 1.521 1.520 1.497 0.604 0.608 7.447 7.450 3.018 7.346 0.0938 34
I-12-IOF-5 0.0505 1.485 1.461 1.490 1.492 0.591 0.599 7.456 7.480 2.964 7.367 0.0938 34
I-12-IOF-6 0.0510 1.497 1.481 1.513 1.522 0.589 0.617 7.444 7.491 3.006 7.330 0.0938 34 I-"~
co
TABLE 6 (a)
DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS t I-SECTIONS HAVING UNREINFORCED WEBS
(Continued)
Specimen Cross-Section Dimensions (in.) TotallengthNo. t B1 B2 B3 B4 d1 d2 D1 D2 BB h R (in. }
-
I-12-EOF-1 0.0510 1.506 1.520 1.517 1.504 0.601 0.614 7.456 7.433 3.024 7.343 0.0938 34
1-12-EOF-2 0.0503 1.515' 1.513 1.515 1.511 0.612 0.617 7.485 7.405 3.030 7.344 0.0938 34
1-12-EOF-5 0.0510 1.512 1.513 1.515 1.502 0.607 0.612 7.420 7.450 3.022 7.333 0.0938 34
1-12-EOF-6 0.0510 1.509 1.498 1.520 1.473 0.597 0.629 7.402 7.416 3.000 7.307 0.0938 34
I-12-IOF-5 0.1080 3.977 3.973 3.955 3.968 1.036 1.040 5.550 5.550 7.952 5.334 0.1094 28
I-12.!.IOF-6 0.1070 3.935 3.991 3.963 3.975 1.038 1.038 5.492 5.507 7.926 5.286 0.1094 28
1-12~EOF-5 0.1080 3.953 3.937 3.977 3.965 1.048 1.038 5.485 5.520 7.890 5.287 0.1094 28
I-12.!.EOF-6 0.1075 3.939 3.977 3.968 3.986 1.038 1.040 5.517 5.538 7.916 5.313 0.1094 28
1-12-ITF-5 0.1080 3.977 3.981 3.972 3.962 1.054 1.035 5.508 5.515 7.958 5.300 0.1094 14
1-12.!.ITF-6 0.1080 3.971 3.964 3.974 3.955 1.054 1.048 5.513 5.487 7.936 5.284 0.1094 14
1-12~ETF-5 0.1080 3.984 3.971 3.992 3.984 1.037 1.052 5.490 5.528 7.956 5.293 0.1094 14
I-12:.!.ETF-6 0.1080 3.990 3.981 3.996 3.975 1.064 1.036 5.500 5.520 7.972 5.294 0.1094 14
1-16-IOF-1 0.0505 2.516 2.524 2.536 2.513 0.565 0.582 4,056 4,031 5.044 3.943 0.0938 24
1-16-IOF-2 0.0505 2.519 2.516 2.534 2.524 0.617 0.556 4.029 4.041 5.046 3.934 0.0938 24
1-16-IOF-5 0.0500 2.493 2.513 2.509 2.499 0.611 0.556 3.978 4.006 5.008 3.892 0.0938 24
1-16-IOF-6 0.0510 2.524 2.502 2.535 2.508 0.616 0.600 3.980 3.974 5.034 3.875 0.0938 24
1-16-EOF-1 0.0530 2.520 2.529 2.531 2.534 0.608 0.621 3.964 3.993 5.058 3.873 0.0938 24
1-16-EOF-2 0.0505 2.521 2.523 2.539 2.516 0.615 0.606 4.055 3.933 5.050 3.893 0.0938 24
1-16-EOF-5 0.0510 2.515 2.515 2.537 2.524 0.603 0.621 3.986 3.999 5.046 3.891 0.0938 24
1-16-EOF-6 0.0510 2.523 2.528 2.536 2.545 0.599 0.616 4.044 4.033 5.066 3.937 0.0938 24
I-U-17-IOF-5 0.0490 1.486 1.357 1.387 1.500 -- -- 1.910 4.912 2.844 4.813 0.047 26
I-U-17-IOF-6 0.0490 1.375 1.386 1.425 1.380 -- -- 4.960 4.925 2.762 4.845 0.047 26
I-U-17-EOF-5 0.0490 1.400 1.375 1.401 1.393 -- -- 4.931 4.969 2.776 4.852 0.047 26
I-U-17-EOF-6 0.0490 1.376 1.450 1.395 1.461
--





DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS, I-SECTIONS HAVING UNREINFORCED WEBS
-_ ....................._--
Specimen Cross-Section Dimensions (in.) Total
No. lengtht Bl B2 B3 B4 dl d2 D1 D2 BB h R (in. )
)
; I-U-18-IOF-5 0.0490 2.114 2.125 2.134 2.140 -- -- 9.634 9.675 4.240 9.557 0.047 40
i I-U-18-IOF-6 0.0490 2.136 2.159 2.156 2.157 -- -- 9.671 9.600 4.316 9.538 0.047 40
I-U-18-EOF-5 0.0485 2.118 2.100 2.104 2.138 -- -- 9.664 9.618 4.218 9.544 0.047 40
I-U-18-EOF-6 0.0490 2.120 2.150 2.148 2.124 -- -- 9.650 9.631 4.2989.543 0.047 40
~otes: 1. See page 141 for designation of specimens.
2. See Figs. 37 to 40 for designation of symbols.
3. Specimens I-3-ITF-1 to I-3-ITF-6 and I-3-ETF-l to I-3-ETF-6 are pilot tests.
4. For specimens I-5'-IOF-5 to I-6-ETF-8, the first dimensions given for BB is the overall width of the






DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS, I-SECTIONS HAVING UNREINFORCED WEBS
CORNELL TESTS
Cross-Section Dimensions (in.) Span
Specimen No. Length
t Bl B2 B3 B4 d1 d2 D1 D2 BBl BB2 h (in. )
la,lb,lc 0.0460 2.550 2.550 3.210 3.210 0.610 0.900 7.920 7.920 5.100 6.420 7.828 36
2a 0.0603 2.555 2.555 2.545 2.545 0.740 0.780 3.980 3.980 5.110 5.090 3.859 24 I
2b 0.0603 2.555 2.555 2.545 2.545 0.740 0.780 3.980 3.980 5.110 5.090 3.859 10 I
3 0.0599 1.975 1.975 1.965 1.965 0.560 0.530 3.970 3.970 3.950 3.930 3.850 10 iI
4a,4b 0.0609 2.980 2.980 2.995 2.995 0.790 0.800 6.100 6.100 5.960 5.990 5.978 16 i
Sa, 5b, 5c 0.0616 3.300 3.300 3.975 3.975 0.720 1.020 8.000 &.000 6.600 r.950 7.877 16 I
6a,6b 0.0647 3.020 3.020 3.020 3.020 0.800 0.800 7.980 7.980 6.040 6.040 7.851 16
I7a,7b 0.0752 3.000 3.000 3.700 3.700 0.840 1.000 7.950 7.950 6.000 7.400 7.800 368 0.0755 4.035 4.035 4.975 4.975 0.890 0.960 8.0()0 8.000 8.070 9.950 7.849 36
9a,9b 0.1070 2.485 2.485 2.485 2.485 0.750 0.740 3.940 3.940 4.970 4.970 3.726 10
lOa, lOb 0.1082 3.015 3.015 3.000 3.000 0.800 0.770 5.920 5.920 6.030 6.000 5.704 16
11 0.1092 2.990 2.990 3.010 3.010 0.800 0.750 7.940 7.940 5.980 6.020 7.722 16
12 0.1109 3.975 3.975 4.005 4.005 0.790 0.770 7.950 7.950 7.950 8.010 7.728 16
13a, l3b 0.1342 2.445 2.445 2.460 2.460 0.720 0.710 3.960 3.960 4.890 4.920 3.692 16
14a,14b 0.1478 3.005 3.005 3.000 3.000 0.680 0.680 5.950 5.950 6.010 6.000 5.654 16
15a,15b 0.1473 3.025 3.025 3.005 3.005 0.660 0.650 7.970 7.970 6.050 6.010 7.675 16
16a,16b,16c.16d 0.0460 1.200 1.200 1.510 1.510 0.640 1.020 8.020 8.020 2.400 3.020 7.928 33
16e,16f 0.0460 1.200 1.200 1.510 1.510 0.640 1.020 8.020 8.020 2.400 3.020 7.928 16
17a, 17b, l7c, 17d 0.0755 1.450 1.450 1.990 1. 990 00.840 1.000 7.980 7.980 2.900 3.980 7.829 36
17e,17f 0.0755 1.450 1.450 1.990 1.990 0.840 1.000 7.980 7.980 2.900 3.980 7.829 16
l&a, ] 8b. l8e 0.1230 2.510 2.510 3.500 3.500 1.020 1.020 8.100 8.100 5.020 7.000 7.854 16
Notes: 1. Specimens N~ 1 through 18 are used for web crippling tests conducted at Cornell University (15).
2. The bend radius of corner was not given in Ref. (15).





PARAMETERS AND SECTIONAL PROPERTIES FOR WEB CRIPPLING TESTS, I-SECTIONS HAVING UNREINFORCED WEBS
Specimen Parameters and Sectional Properties
No. N Nit hit Rlt wit (w/t)l' F A S S' S"
(in. ) 1m y w 2 x 3 x 3 x 3(ksi) (in. ) (in. ) (in. ) (in. )
I-1-EOF-1 1 21.05 207.09 2.63 27.18 33.35 43.82 0.935 -- -- --
I-1-EOF-2 1 21.28 208.45 2.66 25.34 33.35 43.82 0.921 -- -- --
I-I-EOF-5 3 63.83 209.53 2.66 27.04 33.35 43.82 0.926 -- -- --
I-1-EOF-6 3 65.22 213.87 2.72 27.17 33.35 43.82 0.906 -- -- --
I-1-ITF-1 1 21.51 211.89 2.69 -- -- 43.82 -- -- -- --
I-I-ITF-2 1 20.83 206.06 2.60 -- -- 43.82 -- -- -- --
I-I-ITF-5 3 65.22 214.13 2.72 -- -- 43.82 -- -- -- --
I-1-ITF-6 3 63.83 209.47 2.66 -- -- 43.82 -- -- -- --
I-1-ETF-1 1 20.83 205.04 2.60 -- -- 43.82 -- -- -- --
I-1-ETF-2 1 20.41 201.45 2.55 -- -- 43.82 -- -- -- --
I-I-ETF-5 3 61.22 200.31 2.55 -- -- 43.82 -- -- -- --
I-1-ETF-6 3 61.22 201.41 2.55 -- -- 43.82 -- -- -- --
I-2-EOF-1 1 20.20 252.41 2.53 26.87 33.35 43.82 1.187 -- -- --
I-2-EOF-2 1 20.41 254.94 2.55 26.85 33.35 43.82 1.175 -- -- --
I-2-EOF-5 3 61.22 249.80 2.55 26.43 33.35 43.82 1.200 -- -- --





PARAMETERS AND SECTIONAL PROPERTIES FOR WEB CRIPPLING TESTS, I-SECTIONS HAVING UNREINFORCED WEBS
(Continued)
Parameters and Sectional Properties
Specimen
Fy ~ S S' S"No. N (w/t\ . x x xNit hit Rlt wit J.m
(in. 2) (in. 3) (in. 3) (in. 3)(in. ) (ksi)
I-2-ITF-l 1 20.83 254.04 2.60 43.82 -- --- -- -- --
I-2-ITF-2 1 21.05 256.53 2.63 43.82
--
--
-- -- -- --
I-2-ITF-5 3 63.83 260.02 2.66 43.82
--
--
-- -- -- --
I-2-ITF-6 3 62.50 254.67 2.60 43.82 ---- - -- -- --
I-2-ETF-1 1 21.28 260.55 2.66 43.82 --- -- -- -- --
I-2-ETF-2 1 21.74 266.04 2.72 43.82 ---- -- -- -- --
I-2-ETF-5 3 63.16 258.32 2.63 43.82
--
--
-- -- -- --
I-2-ETF-6 3 65.22 265.17 2.72 43 82 --- -- - -- -
I-3-IOF-l 1 20.41 148.61 1.91 36.43 32.16 47.12 0.713 2.563 2.283 2.563
I-3-IOF-2 1 20.00 145.78 1.88 35.44 32.16 47.12 0.729 2.607 2.325 2.607
I-3-IOF-5 3 61,22 148.22 1.91 36.35 32.16 47.12 0.712 2.562 2.280 2.562
I-3-IOF-6 3 61.22 148.27 1. 75 36.35 32.16 47.12 0.712 2 'i'l'l 2 278 2.559
I-3-EOF-1 1 20.41 148.22 1.91 36.98 32.16 47.12 0.712 -- -- -
I-3-EOF-2 1 20.00 144.74 1.88 36.06 32.16 47.12 0.724 -- -- --
I-3-EOF-5 3 60.61 146.73 1.90 36.40 32.16 47.12 0.719 -- -- --
I-3-EOF-6 3 61.22 148.35 1.91 36 76 32.16 47 12 () 717 -- -- --





I-3-ITF-2 1 20.00 145.68 1.88
-- --
47.12 -- -- --
--I-3-ITF-5 3 60.00 145.48 1.80
-- -- 47.12 -- -- --
--I-3-ITF-6 3 61.22 148.63 1.91
-- --
47.12 -- -- --
--I-3-ITF-1* 1 20.41 148.47 1.91
-- -- 47.12 -- -- --
--I-3-ITF-2* 1 20.00 145.84 1.88
-- -- 47.12 -- -- --
--I-3-ITF-5* 3 60.61 147.23 1.90
-- -- 47.12 -- -- --
--I-3-ITF-6* 3 61.22 148.76 1.91





PARAMETERS AND SECTIONAL PROPERTIES FOR WEB CRIPPLING TESTS, I-SECTIONS HAVING UNREINFORCED WEBS
(Continued)
Parameters and Sectional Properties
Specimen
F A S S' S"No. N (w/t)lim x x xNit hit Rlt wit y w
(in. ) (ksi) (in. 2) (in. 3) (in. 3) (in. 3)
I-3-ETF-1 1 20.00 145.12 1.88
-- -- 47.12 -- -- -- -
1-3-ETF-2 1 20.20 146.53 1.90
-- --
47.12 -- -- -- --
1-3-ETF-5 3 60.00 145.52 1.88 -- -- 47.12 -- -- -- --
1-3-ETF-6 3 61.22 148.53 1'.91 -- -- 47.12 -- -- -- --
1-3-ETF-1* 1 20.00 145.18 1.88 -- -- 47.12 -- -- -- --





1-3-ETF-5* 3 61.22 148.49 1.91 -- -- 47.12 -- -- -- --
1-3-ETF-6* 3 60.00 145.32 1.88
-- -- 47.12 -- -- -- --1-3~IOF-1 1 21.74 152.11 2.04 37.98 38.16 33.46 0.644 2.254 1.994 2.254
1-3..!.IOF-2 1 21.74 152.11 2.04 38.07 38.16 33.46 0.644 2.253 1.993 2.253
I-3..!.IOF-5 3 65.22 153.30 2.04 37.65 38.16 33.46 0.649 2.267 2.009 2.267
1-3..!.IOF-6 3 65.22 152.50 2.04 37.83 38.16 33.46 0.645 2 256 1.997 ? 2')1\
I-3-EOF-l 1 21.74 150.48 2.04 37.63 38.16 33.46 0.637
-- -- --1-3-"'EOF.:...Z 1 21.74 150.54 2.04 37.37 38.16 33.46 0.637
-- -- --
1-3..!.EOF-5 3 65.22 152.22 2.Q4 38.22 38.16 33.46 0.644
-- -- --
1-3..!.EOF-6 3 65.22 150.85 2.04 38.04 38.16 33.46 0.638
. --
-- --
1-5-IOF-5 3 50.00 119.58 1.56 24.98 32.15 47.13 0.861 2.762 2.727 2.762
,,
3 50.85 121.98 1.59 25.41 32.15 47.13 0.849 2.720 2.687 2 7201-5-IOF-6
1-5-EOF-5 3 50.00 119.67 1.56 24.98 32.15 47.13 0.862
-- -- --
1-5..!EOF-6 3 50.00 119.62 1.56 25.00 32.15 47.13 0.861 . - - . --
1-5-ITF-5 3 49.18 117 .82 1.54
-- --
47.13
-- -- -- --
1-5..!ITF-6 3 48.78 116.93 1. 78
-- -- 47.13 -- -- --
--
1-5-ETF-5 3 50.00 119.62 1.56 -- -- 47.13
-- -- -- --





PARAMETERS AND SECTIONAL PROPERTIES FOR WEB CRIPPLING TESTS, I-SECTIONS HAVING UNREINFORCED WEBS
(Continued)
Parameters and Sectional Properties
Specimen
Fy A
S S I S'No. t~ Nit hit Rlt wit (w/t)l' w x x x~m
(in. 2) (in. 3) (in. 3) 3(in. ) (ksi) (in. )
I-6-IOF-1 1 13.30 98.75 1.35 19.27 33.72 42.86 1.076 3.484 3.167 3.484
1-6-IOF-2 1 13.30 95.15 1. 25 19.27 33.72 42.86 1.076 3.481 3.166 3.481
I-6-IOF-5 3 39.89 96.39 1.25 19.71 33.72 42.86 1.090 3.565 3.236 3.565
1-6-IOF-6 3 39.92 96.48 1.25 19.54 33.72 42.00 1.089 3.554 3.230 3.554
I-6-IOF-7 3 39.74 96.07 1.14 19.34 33.72 42.86 1.095 3.462 3.178 3.462
I-6-IOF-8 3 40.00 96.80 1.25 19.56 33 72 42 86 1.08Q 3.452 ; .1 Q') 3.452
1-6-EOF-1 1 13.32 96.62 1.25 19.52 33.72 42.86 1.090 -- -- --
I-6-EOF-2 1 13 .30 96.36 1.25 19.48 33.72 42.86 1.090 -- -- --
1-6-EOF-5 3 39.95 96.68 1.25 19.60 33.72 42.86 1.091 -- -- --
1-6-EOF-6 3 39.89 96.22 1.25 19.55 33.72 42.86 1.088 -- -- --
1-6-EOF-7 3 38.71 92.49 1.25 18.53 33.72 42.86 1.111 -- -- --
1-6-EOF-8 3 39.47 95.08 1.25 19.18 33.72 42.86 1.098 -- -- --
1-6-ITF-1 1 13.33 96.73 1.25 -- -- 42.86 -- -- -- --
1-6-ITF-2 1 13.31 96.54 1.25 -- -- 42.86 -- -- -- --
1-6-ITF-5 3 39.95 96.00 1.25 -- -- 42.86 --
-- --
--
1-6-ITF-6 3 39.95 95.99 1. 25 -- -- 42.86 -- -- --
--1-6-ITF-7 3 39.47 95.25 1.23 -- -- 42.86 -- -- --
--
1-6-ITF-8 3 39.47 95.55 1.23 -- -- 42.86 -- -- --
1-6-ETF-1 1 13 .32 96.07 1.25 -- -- 42.86 -- -- --
--
1-6-ETF-2 1 13.33 96.73 1.25 -- -- 42.86 -- -- --
--




1-6-ETF-6 3 39.89 96.35 1.25 -- -- 42.86 -- -- --
--
1-6-ETF-7 3 40.00 96.53 1.25 -- -- 42.86 -- -- --
--








PARAMETERS AND SECTIONAL PROPERTIES FOR WEB CRIPPLING TESTS, I-SECTIONS HAVING UNREINFORCED WEBS
(Continued)
Parameters and Sectional Properties
Specimen
Fy ~ S S' SxNo. N Nit hit Rlt wit (wit) 1 . x xl.m
(in. 2) (in. 3) (in. 3) (in. 3)(in. ) (ksi)
I-6-IOF-l 1 21.28 148.89 2.00 59.77 38.16 33.46 0.658 2.705 2.403 2.916
1-6!.!IOF-2 1 21.74 149.09 2.04 59.93 38.16 33.46 0.631 2.569 2.289 2.768
I-6.!!IOF-5 3 65.22 152.30 2.04 60.91 38.16 33.46 0.645 2.655 2.359 2.862
1-6!.!IOF-6 3 65.22 149.15 2.04 59.87 38.16 33.46 o fl31 2 1)80 ??ql) 2.778
1-6-EOF-1 1 21.28 149.51 2.00 59.79 38.16 33.46 0.661
-- -- --
1-6.!!EOF-2 1 21.74 148.52 2.04 60.61 38.16 33.46 0.629
-- -- --
1-6.!!EOF-5 3 65.22 149.63 2.04 60.70 38.16 33.46 0.633
-- -- --
1-6!.'EOF-6 3 65.22 152.46 2.04 61.57 38.16 33.46 0.645
-- --
--
1-6;"ITF-l 1 21. 74 152.09 2.04 -- -- 33.46
-- -- --
--











I-6.!.'ITF-6 3 65.22 152.20 2.04





1-6.!.'ETF-2 1 21.74 151.59 2.04 -- -- 33.46 --
-- --
--











1-9-IOF-1 1 21.51 148.30 2.02 70.56 38.16 33.46 0.641 2.635 2.353 2.873
1-9-IOF-2 1 21.74 150.28 2.04 70.93 38.16 33.46 0.636 2.633 2.351 2.869
1-9-IOF-5 3 65.22 149.48 2.04 71.24 38.16 33.46 0.633 2.598 2.321 2.833
1-9-IOF-6 3 65.93 150.75 2.06 72.13 38.16 33 46 0.624 2 1)71 ? ?Q<; 2.R04
1-9-EOF-1 1 21.74 148.30 2.04 71.15 38.16 33.46 0.628
-- -- --
1-9-EOF-2 1 21. 74 149.98 2.04 70.93 38.16 33.46 0.635
-- -- --
1-9-EOF-5 3 65.22 150.22 2.04 71.61 38.16 33.46 0.636
-- -- --






PARAMETERS AND SECTIONAL PROPERTIES FOR WEB CRIPPLING TESTS, I-SECTIONS HAVING UNREINFORCED WEBS
(Continued)
Parameters and Sectional Properties
Specimen
Ay, S S' S"No. N Nit hit Rit wit (w/t\ . Fy x x x~m
(in. ) (ksi) (in. 2) (in. 3) (in. 3) (in 3)
I-12-IOF-l 1 19.80 145.19 1.86 25.35 30.10 53.79 0.741 2.294 2.145 2.294
I-12-IOF-2 1 19.42 142.64 1.82 25.13 30.10 53.79 0.757 2.358 2.200 2.358
I-12-IOF-5 3 59.41 145.88 1.86 24.93 30.10 53.79 0.744 2.293 2.150 2.293
I-12-IOF-6 3 58.82 143.73 L84 25.04 30.10 53./';) 0.748 2.313 2.163 2.313
I-12-EOF-l 1 19.61 143.98 1.84 25.53 30.10 53.79 0.749 -- -- --
I-12-EOF-2 1 19.80 145.43 1.86 25.96 30.10 53.79 0.742 -- -- --
I-12-EOF-5 3 58.82 143.78 1.84 25.65 30.10 53.79 0.748 -- -- --
I-12-EOF-6 3 58.82 143.28 1.84 25.37 30.10 53.79 0.745 -- -- --
I-12-IOF-5 3 27.78 49.39 1.01 32.79 32.66 45.68 1.152 5.802 4.236 5.802
I-12l IOF-6 3 28.04 49.40 1.02 32.93 32.66 45.68 1.131 5.662 4.144 '5.662
I-12-EOF-5 3 27.78 48.95 1.01 32.45 32.66 45.68 1.142 -- -- --
I-12.!EOF-6 3 27.91 49.42 1.02 32.64 32.66 45.68 1.142 -- -- --
1-12-ITF-5 3 27.78 49.07 1.01 -- -- 45.68 -- -- -- --
I-12.!ITF-6 3 27.78 48.93 1.01 -- -- 45.68 -- -- -- --
I-12-ETF-5 3 27.78 49.01 1.01 -- -- 45.68 -- -- -- --
I-12.!ETF-6 3 27.78 49.02 1.01 -- -- 45.68 -- -- -- --
I-16-IOF-1 1 19.80 78.08 1.86 45.82 30.10 53.79 0.408 1.199 1.033 1.199
I-16-IOF-2 1 19.80 77 .90 1.86 45.82 30.10 53.79 0.408 1.206 1.035 1.206
1-16-IOF-5 3 60.00 77 .84 1.88 45.86 30.10 53.79 0.392 1.171 1.009 1.171
I-16-IOF-6 3 58.82 73.98 1.84 45.06 30.10 53.79 0.406 1.199 1.023 1.199
1-16-EOF-1 1 18.87 73.08 1.77 43.55 30.10 53.79 0.411 -- -- --
1-16-EOF-2 1 19.80 77 .09 1.86 45.92 30.10 53.79 0.393 -- -- --
I-16-EOF-5 3 58.82 76.41 1.84 45.31 30.10 53.79 0.397 -- -- --





PARAMETERS AND SECTIONAL PROPERTIES FOR WEB CRIPPLING TESTS, I-SECTIONS HAVING UNREINFORCED WEBS
(Continued)
Parameters and Sectional Properties
Specimen N
No. (in. ) Nit hit Rlt wit (w/t)l' F A S S I S"1m y w x3 x3 X3(ksi) (in. 2) (in. ) (in. ) (in. )
I-U-17-EOF-5 3 61.22 99.02 0.959 26.06 10.51 36.26 0.475 -- -- --
I-U-17-EOF-6 3 61.22 97.61 0.959 26.08 10.51 36.26 0.469 -- -- --
I-U-18-EOF-5 3 61.86 196.78 0.969 41.30 10.51 36.26 0.926 -- -- --
I-U-18-EOF-6 3 61.22 194.76 0.959 41.27 10.51 36.26 0.935 -- -- --
S • section modulus based on the effective width of the compression flange determined in accorda~ce with
x Section 2.3.1.1 of the AISI Specification and full widths of the tensisn flange and web, in.
SI • section modulus based on shear lag consideration, (i.e. use the effective width of both compression
x and tension flanges, in accordance with Section 2.3.5 of the AISI Specification),in. 3
S" •x section modulus based on the full widths of the tension flange and web and the effective width of the
compression flange determined on the basis of Section 2.3.1.1 of the AISI Specification with






PARAMETERS AND SECTIONAL PROPERTIES FOR WEB CRIPPLING TESTS, I-SECTIONS HAVING UNREINFORCED WEBS
Specimen Parameters and Sectional Properties
No. N Nit hit Rlt wit (w/t)l' F A (S )M (S') (S ")(in.) 1m y w 2 x 3 M 3 M(ksi) (in. ) (in. 3) (in. ) (in. )
I-l-IOF-l 1 20.83 205.92 2.60 27.04 33.35 43.82 0.949 5.232 5.184 5.232
I-l-IOF-2 1 20.83 207.31 2.60 26.21 33.35 43.82 0.955 5.263 5.220 5.263
I-l-IOF-5 3 61.86 203.69 2.58 25.90 33.35 43.82 0.958 5.254 5.212 5.254
I-1-IOF-6 3 62.50 205.35 2.60 25.13 33.35 43.82 0.946 5.227 5.178 5.227
1-2-IOF-l 1 20.41 249.73 2.55 25.29 33.35 43.82 1.200 7.068 7.189 7.068
1-2-IOF-2 1 20.00 245.26 2.66 25.30 33.35 43.82 1.226 7.188 7.315 7.188
I-2-IOF-5 3 61.86 252.25 2.58 25.86 33.35 43.82 1.187 7.053 7.168 7.053
1-2-IOF-6 3 60.00 245.20 2.50 25.66 33.35 43.82 1.226 7.186 7.312 7.186
I-U-17-IOF-5 3 61.22 98.20 0.959 25.69 10.51 36.26 0.472 2.029 1.851 2.029
I-U-17-IOF-6 3 61.22 99.06 0.959 26.06 10.51 36.26 0.475 2.020 1.853 2.020_
I-U-18-IOF-5 3 61.22 195.04 0.959 41.14 10.51 36.26 0.937 5.151 5.017 5.151







modified section modulus based on the effective widths of the compression flange and web determined in
accordance with Section 2.3.1.1 of the AISI Specification and full width of the tens~on flange
and section modulus of additional plates attached to the top and bottom flanges, in. (see Figs 38
and 40)
modified section modulus based on shear lag consideration (i.e. use the effective width of both
compression and tension flanges, inaccordance with Section 2.3.5 of the AISI Specific~tion
and section modulus of additional plates attached to the top and bottom flanges), in.
modified section modulus based on the full widths of the tension flange and web and the effective
width of the compression flange determined on the basis of Section 2.3.1.1 of the AISI Specification
with f = 0.60F or 0.60F , whichever is s~a1ler, and the section modulus of addtional plates
attached to theCEop and bottom flanges, in.
1. For specimens No. I-U-17-IOF-5 to I-U-18-IOF-6, the modified section modulus (5 ) and (S")
xM xM
are based on the full area of cross sections (i.e. based on full width of both compression
3





PARAMETERS AND SECTIONAL PROPERTIES FOR WEB CRIPPLING TESTS, I-SECTIONS
HAVING UNREINFORCED WEBS
CORNELL TESTS
4Parame~rs and Sectional Properties
Specimen
(w/t)l· Fy Aw Sx S' SItNo. N x xNit hit Rlt wit 1.m
(in~) (in~) (in?) (in~)(in. ) (ksi)
1a-1-IOF 1.25 27.17 170.17
-- 51.43 38.90 32.20 0.720
-- 2.780 3.0501b-1-IOF 2.5 54.35 170.17
-- 51.43 38.90 32.20 0.720
-- 2.780 3.0501c-1-IOF 3.5 76.09 170.17
-- 51.43 38.90 32.20 0.720
-- 2.780 3.0502a-1-IOF 1.0 16.58 64.00
-- 38.37 40.17 30.20 0.480 1.587 1.267
--2a-2-EOF 1.0 16.58 64.00 --
-- -- 30.20 0.480
--
--
--2a-3-EOF 2.5 41.46 64.00
-- -- -- 30.20 0.480
-- --
--2a-4-ITF 1.0 16.58 64.00
-- -- -- 30.20
-- --
-- --2b-1-IOF 1.0 16.58 64.00 -- 38.37 40.17 30.20 0.480 1.587 1.267
--2b-2-IOF 1.5 24.88 64.00 -- 38.37 40.17 30.20 0.480 1.587 1.267
--2b-3-EOF 1.0 16.58 64.00
-- -- -- 30.20 0.480
--
--
--2b-4-EOF 1.5 24.88 64.00
-- -- -- 30.20 0.480
--
--
--2b-5-ITF 1.5 24.88 64.00
-- -- -- 30.20
--
--
-- --2b-6-ETF 1.5 24.88 64.00 -- -- -- 30.20
-- --
-- --3-1-IOF 3.0 50.08 64.27 -- 28.97 40.17 30.20 0.461 1.278 0.870
--3-2-IOF 2.5 41.74 64.27
-- 28.97 40.17 30.20 0.461 1.278 0.870
--3-3-ITF 2.5 41. 74 64.27
-- -- -- 30.20
-- --
-- --3-4-ETF 2.5 41.74 64.27
-- -- -- 30.20 --
--
--
--4a-1-IOF 1.0 16.42 98.16
-- 44.93 40.17 30.20 0.728 3.047 2.586
--4a-2-IOF 1.5 24.63 98.16 -- 44.93 40.17 30.20 0.728 3.047 2.586
--4a-3-EOF 1.0 16.42 98.16 --
-- -- 30.20 0.728
-- -- --4a-t..-ITF 1.0 16.42 98.16 -- -- --- 30.20
-- -- --
--4a-5-ITF 1.5 24.63 98.16 -- -- -- 30.20
-- --









--4b-1-IOF 3.0 49.26 98.16 -- 44.93 40.17 30.20 0.728 3.047 2.586
--4b-2-EOF 1.5 24.63 98.16 --
-- -- 30.20 0.728
--
--















Parameters and Sectional Properties
Specimen
Fy Aw Sx s' S"No. N Nit hit Rlt wit (w/t)lim x x
(in. ) (ksi) (in?) (in~) (in~) (inh
5a-I-IOF 1.25 20.29 127.87 -- M .57 35.86 37.90 0.970 4.238 4.647 --
5b-1-IOF 2.5 40.58 127.87 -- 49.57 35.86 37.90 0.970 4.238 4.647 --
5c-1-IOF 3.5 56.82 127.87 -- 49.57 35.86 37.90 0.970 4.238 4.647 --
6a-1-IOF 1.0 15.46 121.34 -- 42.68 36.15 37.30 1.016 4.586 3.344 --
6a-2-IOF 1.5 23.18 121.34 -- 42.68 36.15 37.30 1.016 4.586 3.344 --
6a-3-EOF 1.0 15.46 121.34 -- -- -- 37.30 1.016 -- -- --
6a-4-ITF 1.5 23.18 121.34
-- -- -- 37.30 --
-- -- --6a-5-ETF 1.0 15.46 121.34
-- -- --
37.30 --
-- -- --6a-6-ETF 1.5 23.18 121. 34 -- -- -- 37.30 -- -- -- --6b-l-IOF 2.5 38.64 121.34
-- 42.68 36.15 37.30 1.016 4.586 3.344
--6b-2-EOF 1.5 23.18 121.34
-- -- -- 37.30 1.016
-- -- --6b-3-EOF 2.5 38.64 121. 34 -- --
--
37.30 1.016
-- -- --6b-4-ITF 2.5 38.64 121.34
-- -- --
37.30 --




-- -- --7a-l-IOF 1.25 16.62 103.71
-- 35.89 36.90 35.80 1.173 5.619 5.890
--7b-1-IOF 3.5 46.54 103.71
-- 35.89 36.90 35.80 1.173 5.619 5.890
--8-1-IOF 2.5 33.11 103.96 -- 49.44 36.90 35.80 1.185 6.343 6.649
--9a-1-ITF 1.0 9.350 34.82
-- -- -- 35.10 -- -- -- --9a-2-ITF 1.5 14.02 34.82
-- -- -- 35.10 --
-- -- --9a-3-ETF 1.0 9.346 34.82
-- -- -- 35.10 --
-- -- --9b-1-IOF 0.8 7.477 34.82 -- 19.22 37.26 35.10 0.797 2.481 2.026
--9b-2-EOF 0.8 7.477 34.82 -- -- -- 35.10 0.797 -- -- --9b-3-ITF 1.0 9.350 34.82 --
-- -- 35.10 -- -- -- --9b-4-ITF 1.5 14.02 34.82 -- --
-- 35.10 --
-- -- --9b-5-ITF 2.5 23.36 34.82 -- -- -- 35.10 --
-- -- --9b-6-ETF 1.0 9.350 34.82
-- -- -- 35.10 -- -- -- --9b-7-ETF 1.5 14.02 34.82
-- -- -- 35.10 -- -- -- --9b-8-ETF 2.5 23.36 34.82









Parameters and Sectional Properties
Specimen
F Aw S S' SItNo. N (w/t)l" x x xNit hit R/t wit 1m y
(in:) (in~) (in:) (in:)(in.) (ksi)
10a-1-IeF 1.0 9.240 52.72 -- 23.87 37.26 35.10 1.234 5.056 4.319
--
10a-2-IOF 1.5 13.86 52.72 -- 23.87 37.26 35.10 1.234 5.056 4.319 --
10a-3-EOF 1.0 9.240 52.72 -- -- -- 35.10 1.234 -- -- --
10a-4-ITF 1.0 9.240 52.72 -- ..- -- 35.10 -- -- -- --
lOa-5-ITF 1.5 13.86 52.72 -- -- -- 35.10 -- -- -- --
10a-6-ETF 1.0 9.240 52.72
-- -- -- 35.10 -- -- -- --
10a-7-ETF 1.5 18.86 52.72 -- -- -- 35.10 -- -- -- --
10b-1-IOF 3.0 27.73 52.72 -- 23.87 37.26 35.10 1.234 5.056 4.319 --
10b-2-EOF 1.5 13.86 52.72 -- -- -- 35.10 1.234 -- -- --
10b-3-EOF 3.0 27.73 52.72 -- -- -- 35.10 1.234 -- -- --
10b-4-ITF 2.5 23.11 52.72 -- -- -- 35.10 -- -- -- --
10b-5-ETF 2.5 23.11 52.72 -- -- -- 35.10 -- -- -- --
11-1-IOF 1.0 9.158 70.71
-- 23.38 36.69 36.20 1.687 7.557 6.897 --11-2-IOF 1.5 13.74 70.71 -- 23.38 36.69 36.20 1.687 7.557 6.897
--11-3-EOF 1.0 9.160 70.71
-- -- -- 36.20 1.687
--
-- --11-4-ITF 1.0 9.160 70.71
-- -- -- 36.20
-- --
-- --11-5-ITF 1.5 13.74 70.71
-- -- -- 36.20
-- --
-- --12-1-IOF 2.5 22.54 69.68
-- 31.84 36.69 36.20 1. 714 9.314 7.917 --12-2-EOF 1.5 13.53 69.68 -- -- -- 36.20 1.714
--
-- --12-3-EOF 2.5 22.54 69.68
-- -- -- 36.20 1. 714
-- -- --12-4-ITF 2.5 22.54 69.68 -- -- -- 36.20
--
--
----12-5-ITF 3.0 27.05 69.68
-- -- -- 36.20
--
-- ----13a-1-IOF 1.0 7.452 27.51
-- 14.22 36.69 35.70 0.991 2.913 2.280 --13a-2-EOF 1.0 7.452 27.51
-- -- -- 35.70 0.991
-- ----13a-3-ITF 1.0 7.452 27.51 -- -- -- 35.70
--
-- ----13a-4-ITF 1.5 11.18 27.51
-- -- -- 35.70
-- --
----13a-5-ETF 1.0 7.452 27.51
-- -- -- 35.70
--
--











Parameters and Sectional Properties
Specimen F A S S' SItNo .. N Nit hit Rlt wit (wit) lim y w x x x
(in:) 3 (in~) (in~)(in.) (ksi) (in. )
13b-1-IOF 1.5 1L18 27.51 -- 14.22 36.95 35.70 0.991 2.913 2.280 --
13b-2-EOF 1,5 11.18 27.51 -- -- -- 35.70 0.991 -- -- --
13b-3-ITF 2.5 18.63 27.51 -- -- -- 35.70 -- -- -- --
13b-4-ETF 2.5 18.63 27.51 --
-- --
35.70 -- -- -- --
14a-1-IOF LO 6.766 38.25 -- 16 .33 18.37 33.10 1.671 6.436 5.589 --
14a-2-IOF 1.5 10.15 38.25 -- 16.33 38.37 33.10 1,671 6.436 5.589 --
14a-3-EOF 1,0 6.766 38.19 -- -- -- 33.10 1.680 -- -- --
14a-4-ITF 1.0 6.766 38.19 --
-- --
33.10
-- -- -- --
14a-S-ITF 1,5 10.15 38.19 -- -- -- 33.10 -- -- -- --
14a-6-ETF 1,0 6.766 38.19 -- -- -- 33.10 -- -- -- --
14a-7-ETF 1.5 10.15 38.19 -- -- -- 33.10 -- -- -- --
14b-1-IOF 2.5 16.91 38.19 -- 16.33 38.37 33.10 1.671 6.436 5.589 --
14b-2-EOF 1.5 10.15 38.19 -- -- -- 33.10 1.680 -- -- --
14b-3-EOF 2.5 16.91 38.19 -- -- -- 33.10 1,680 -- -- --
14b-4-ITF 2.5 16.91 38.19 -- -- -- 33.10 -- -- -- --
14b-S-ETF 2.5 16.91 38.19
-- -- --
33.10 -- -- -- --
15a-1-IOF 1,0 6.790 52.10 -- 16.54 38.37 33.10 2.261 9.643 8.469 --
15a-2-IOF 1,5 10.18 52.10 -- 16.54 38.37 33.10 2.261 9.643 8.469 --
15a-3-EOF 1.0 6.790 52.10 -- -- -- 33.10 2.261 -- -- --15a-4-ITF 1.0 6.789 52.10 -- -- -- 33.10 -- -- -- --
15a-5-ITF 1.5 10.18 52.10
--
-- -- 33.10 -- -- -- --
15a-6-ITF 2.5 16.97 52.10 --
-- -- 33.10 -- -- -- --15b-1-IOF 2.5 16.97 52.10 -- 16.54 38.37 33.10 2.261 9.643 8.469
--15b-2-EOF 1.5 10.18 52.10 -- -- -- 33.10 2.261
-- -- --
15b-3-EOF 2.5 16.97 52.10
-- -- -- 33.10 2.261
-- -- --
15b-4-ITF 3.0 20.37 52.10 --
-- -- 33.10









Parameters and Sectional Properties
Specimen F A S S' S"(w/t)l" Y w x x xNo. N Nit hit Rlt wit l.m
(in:) (in:) (in:) (in:)(in. ) (ksi)
16a-1-IOF 1.5 32.61 172.35 -- 22.09 38.90 32.20 0.729
-- 2.213 2.18916b-1-IOF 2.5 54.35 172.35
-- 22.09 38.90 32.20 0.729
-- 2.213 2.18916c-1-IOF 3.5 76.09 172 .35
-- 22.09 38.90 32.20 0.729

























--16f-1-EOF 2.5 54.35 172.35
--
-- -- 32.20 0.729
--
--
--17a-1-IOF 1.25 16.56 103.70
-- 15.21 36.90 35.80 1.182 3.872 3.924 --17b-1-IOF 2.5 33.11 103.70
-- 15.21 36.90 35.80 1.182 3.872 3.924 --17c-1-IOF 3... 5 46.36 103.70




--17d-2-ITF 2.5 33.11 103.70
-- -- -- 35.80 -- --
--
--17d-3-ETF 1.0 13.25 103.70
-- --
-- 35.80 .-- --
--
--17d-4-ETF 2.5 33.11 103.70




--17e-1-EOF 1.0 13.24 103.70 --
-- -- 35.80 1.182
--
--
--17f-1-EOF 2.5 33.11 103.70 --
-- -- 35.80 1.182 --
--






--18a-2-ITF 2.5 20.33 63.85
--
-- -- 37.60 -- --
--
--18a-3-ETF LO 8.130 63.85 --
-- -- 37.60 -- -- --













--18c-1-IOF 1.0 8.130 63.85 -- 16.41 36.00 37.60 1.932 8.291 7.358 --18c-2-IOF 2.5 20.33 63.85
-- 16.41 36.00 37.60 1.932 8 .. 291 7.358 --
Notes: 1. All specimens listed in Table 7(b) were used for web crippling tests conducted at Cornell
University (15).





COMPARISON OF THE TESTED AND COMPUTED LOADS FOR WEB CRIPPLING
INTERIOR ONE-FLANGE LOADING
I-SECTIONS
Specimen Test Data, per web Computed Data, per web M V (Pu)test (P) test
No. CPu) test M V (p ) (P' ) M V M V (P ) (P~) campucomp u camp u u u u u camp
kips inch-kips kips kips kips inch-kips kips
I-1-IOF-1 2.385 22.66 1.193 3.012 2.266 91. 94 1.916 0.246 0.623 0.792 1.052
I-1-IOF-2 2.490 23.66 1.245 3.012 2.266 92.47 1. 907 0.256 0.653 0.827 1.098
I-1-IOF-5 2.910 27.65 1. 455 4.181 3.147 93.63 1.977 0.295 0.736 0.696 0.925
I-1-IOF-6 2.850 27.08 1.425 4.109 3.091 92.79 1.920 0.292 0.742 0.694 0.922
I-2-IOF-1 2.420 26.62 1. 210 3.123 2.353 109.54 1.687 0.243 0.717 0.775 1.028
I-2-IOF-2 2.470 27.17 1.235 3.235 2.442 112.89 1. 789 0.241 0.690 0.764 1.011
1-2-IOF-5 2.860 31.46 1.430 4.181 3.147 108.09 1. 635 0.291 0.875 0.684 0.910
I-2-IOF-6 2.950 32.45 1. 475 4.401 3.322 112.73 1. 789 0.288 0.824 0.670 0.890
I-3-IOF-1 2.505 18.16 1. 253 3.358 2.360 53.79 2.706 0.338 0.463 0.746 1.061
1-3-IOF-2 2.450 17.88 1. 225 3.479 2.449 54.78 2.874 0.326 0.426 0.704 1.000
1-6.!!IOF-1 1.800 11.70 0.900 2.217 2.017 40.20 2.487 0.353 0.362 0.812 0.892
I-6.!.'IOF-2 1.805 11. 73 0.903 2.135 1.939 38.29 2.384 0.361 0.379 0.845 0.931
1-9-IOF-1 1.680 10.92 0.840 2.176 1.978 39.36 2.453 0.277 0.342 0.772 0.849
1-9-IOF-2 1.540 10.01 0.770 2.135 1.939 39.33 2.371 0.255 0.325 0.721 0.794
1-9-IOF-5 1.975 12.84 0.988 2.920 2.653 38.83 2.380 0.331 0.415 0.676 0.744
I-9-IOF-6 1. 885 12.25 0.943 2.867 2.602 38.40 2.307 0.319 0.409 0.657 0.724
1-12-IOF-1 2.645 19.17 1. 323 4.042 2.431 57.69 2.948 0.332 0.449 0.654 1.087
1-12-IOF-2 2.660 19.29 1.330 4.183 2.521 59.17 3.123 0.326 0.426 0.636 1.055
I-12-IOF-5 3.365 20.68 1. 683 5.494 3.305 57.82 2.939 0.358 0.573 0.612 1.018
I-U-18-IOF-5 2.730 24.57 1. 365 3.520 3.062 61. 77 2.123 0.398 0.643 0.776 0.892
I-U-18-IOF-6 2.565 23.09 1. 283 3.520 3.062 61.89 2.126 0.373 0.603 0.729 0.840
1a-1-IOF 1.825 16.43 0.913 2.180 2.019 41. 22 2.021 0.399 0.452 0.839 0.904
4a-1-IOF 3.750 15.00 1. 875 3.170 3.099 39.05 6.224 0.384 0.301 1.189 1.209
4a-2-IOF 3.850 15.45 1.925 3.480 3.425 39.05 6.224 0.394 0.309 1.104 1.124
6a-l-IOF 4.000 16.00 2.000 4.330 3.800 62.37 8.603 0.257 0.232 0.922 1.052









Test Data. per web Computed Data, per web
(Pu)test (pu) testSpecimen M V
No. (Pu) test M V (p ) (P' ) M V M V (P) comp (P~) compu comp -u comp u u u u
kips inch-kips kips kips kips inch-kips kips
6b-l-IOF 4.300 17.20 2.150 5.480 4.816 62.37 8.603 0.276 0.250 0.782 0.893
l1-1-IOF 11.00 44.00 5.500 10.75 10.27 124.83 15.77 0.352 0.350 1.026 1.071
11-2-IOF -12.40 49.60 6.200 11. 65 11.19 124.83 15.77 0.397 0.393 1.062 1.108
18c-1-IOF 10.50 42.00 5.250 13.50 13.17 138.33 18.76 0.303 0.280 0.761 0.800
18c-2-IOF 12.90 51. 60 6.450 16.50 16.09 138.33 18.76 0.373 0.344 0.765 0.802
Mean 0.793 0.960
Standard deviation 0.140 0.120






COMPARISON OF THE TESTED AND COMPUTED LOADS FOR WEB CRIPPLING
END ONE-FLANGE LOADING
I-SECTIONS
Test Data, per web Computed Data, per web (Pu) test (P) testSpecimen No. V(P) test V (P ) (P~)comp V V (Pu) comp (P~) compu comp u u
kips kips kips kips kips
I-1-EOF-1 1.840 0.920 1.556 1.913 1.820 0.505 1.183 0.962
I-1-EOF-2 1. 770 0.885 1.526 1.877 1.768 0.501 1.160 0.943
I-1-EOF-5 2.175 1.088 1.935 2.379 1.789 0.608 1.124 0.914
I-1-EOF-6 2.210 1.105 1.863 2.291 1.679 0.658 1.186 0.965
I-2-EOF-1 1. 730 0.865 1.610 1.979 1.596 0.542 1.075 0.874
1-2-EOF-2 1.650 0.825 1.580 1.943 1.549 0.533 1.044 0.849
1-2-EOF-5 2.305 1.153 2.081 2.559 1.672 0.689 1.107 0.901
1-2-EOF-6 2.375 1. '88 2.156 2.651 1. 776 0.669 1.102 0.900
1-3-EOF-1 2.355 1.178 1. 770 2.162 2.622 0.449 1.331 1.089
1-3-EOF-2 2.470 1.235 1.837 2.243 2.794 0.442 1.345 1.101
1-3-EOF-5 2.990 1.495 2.278 2.783 2.703 0.553 1.313 1.074
1-3-EOF-6 2.750 1.375 2.238 2.734 2.619 0.525 1.229 1.006
1-3'-EOF-1 1. 890 0.945 1.121 1.407 2.283 0.414 1.686 1.343
1-3'-EOF-2 1.690 0.845 1.121 1.407 2.282 0.370 1.508 1.201
1-3'-EOF-5 2.390 1.195 1.423 1.787 2.262 I 0.528 1.680 1.337
1-3'-EOF-6 2.440 1.220 1.423 L 787 2.277 I 0.536 1.715 1.365
1-5'-EOF-5 4.120 2.060 3.196 3.904 4.971 0.414 1.289 1.005
1-5'-EOF-6 4.470 2.235 3.196 3.904 4.973 0.449 1.399 1.145
1-6-EOF-1 5.200 2.600 3.520 4.326 9.755 0.267 1.477 1.202
1-6-EOF-2 5.385 2.693 3.529 4.348 9.818 0.274 1.526 1.238
1-6-EOF-5 5.630 2.815 4.327 5.318 9.751 0.289 1.301 1.058
1-6-EOF-6 5.315 2.658 4.337 5.344 9.827 0.270 1.226 0.995
1-6-EOF-7 5.635 2.818 4.576 5.638 10.83 0.260 1.231 1.000
1-6-EOF-B 6.750 3.375 4.420 5.446 10.15 0.333 1.527 1.239
1-6"-EOF-l 1.780 0.890 1.165 1.463 2.427 0.367 1.528 1.216
1-6"-EOF-2 1.920 0.960 1.121 1.407 2.324 0.413 1. 713 1.364
1-611 -EOF-5 2.540 1.270 1.423 1. 787 2.353 0.540 1. 785 1.421









Test Data, per web Computed Data, per web
(P) test (P) testVSpecimen No. - (P ) (P' )(P) test V (P ) (P' ) V Vu camp u camp u u u camp u camp
kips kips kips kips kips
I-9-EOF-1 2.075 1.038 1.121 1.407 2.326 0.446 1. 851 1.474 I1-9-EOF-2 1. 825 0.913 1.121 1.407 2.307 0.396 1.628 1.297
1-9-EOF-5 2.510 1. 255 1. 423 1.787 2.347 0.535 1. 763 1.404
1-9-EOF-6 2.565 1.283 1.423 1.787 2.363 0.543 1.802 1.435
1-12-EOF-1 2.470 1.235 2.173 2.618 2.932 0.421 1.137 0.943
1-12-EOF-2 2.505 1.253 2.135 2.551 2.847 0.440 1.173 0.982
1-12-EOF-5 2.960 1.480 2.740 3.301 2.935 0.504 1.080 0.900
I-12-EOF-6 2.830 1.415 2.740 3.301 2.941 0.481 1.033 0.857
1-12'-EOF-5 I 10.25 5.125 8.838 10.83 15.06 0.340 1.160 0.946
1-12'-EOF-6 11.58 5.790 8.765 10.74 15.06 0.384 1.321 1.078
I-1n-EOF-l 2.560 1.280 2.331 2.808 5.906 0.217 1.098 0.912
1-16-EOF-2 3.575 1. 788 ~: .135 2.572 5.080 0.352 1. 674 1.389
1-16-EOF-5 3.050 1. 825 2.740 3.301 5.238 0.291 1.113 0.924
1-16-EOF-6 3.150 1.575 2.740 3.301 5.190 0.303 1.150 0.954
I-U-17-EOF-5 2.555 1.278 1.722 2.151 3.911 0.327 1.484 1.187
I-U-17-EOF-6 2.230 1.115 I 1. 722 2.151 3.970 0.281 1. 295 1.036
I-U-18-EOF-5 2.040 1.020 1.687 2.156 2.041 0.500 1.209 0.946
I-U-18-EOF-6 2.285 1.143 1. 722 2.151 2.105 0.543 1. 327 1.062
2a-2-EOF 1. 770 0.885 1.657 2.094 4.185 0.211 1.068 0.845
2a-3-EOF 1.900 0.950 1.982 2.505 4.185 0.227 0.958 0.760
?b-3-EOF 1.950 0.975 1.657 2.094 4.185 0.233 1.177 0.931
2b-4-EOF 2.100 1.050 1.783 2.253 4.185 0.251 1.178 0.932
4a-3-EOF 1.870 0.935 1.687 2.133 6.222 0.150 1.108 0.876
4b-2-EOF 2.250 1.125 1. 814 2.294 6.222 0.181 1. 240 0.981
6a-3-EOF 1.850 0.925 2.328 2.902 8.456 0.109 0.794 0.637
6b-2-EOF 2.180 1.090 2.501 3.116 8.456 0.129 0.872 0.700
6b-3-EOF 2.390 1.195 2.774 3.457 8.456 0.141 0.861 0.700









Test Data. per web Computed Data. per web (P) test (P) test
Specimen No. V(P) test V (p ) (P~)comp V V (Pu) comp (P~)compu comp u u
kips kips kips kips kips
10a-3-EOF 6.170 3.085 5.670 7.098 12.50 0.247 1.088 0.869
10b-2-EOF 7.350 3.675 6.022 7.537 12.50 0.294 1.221 0.975
10b-3-EOF 8.500 4.250 6.814 8.529 12.50 0.340 1.247 0.997
11-3-EOF 5.600 2.800 5.949 7.431 15.77 0.178 0.941 0.753
12-2-EOF 6.620 3.310 6.498 8.117 17.91 0.185 1.019 0.816
12-3-EOF 6.000 3.000 7.094 8.860 17.91 0.168 0.845 0.677
13a-2-EOF 7.940 3.970 8.623 10.78 10.21 0.389 0.921 0.736
13b-2-EOF 8.370 4.185 9.116 11.39 10.21 0.410 0.918 0.734
14a-3-EOF 9.350 4.675 9.582 12.04 16.05 0.291 0.975 0.780
14b-2-EOF 10.72 5.360 10.11 12.70 16.05 0.334 1.063 0.844
14b-3-EOF 12.60 6.300 10.95 13.75 16.05 0.393 1.151 0.916
. 15a-3-EOF 9.400 4.700 9.520 11. 96 21.60 0.218 0.987 0.790
15b-3-EOF 11.45 5.725 10.05 12.62 21. 60 0.265 1.140 0.910
15b-3-EOF 12.10 r.050 10.88 13.67 21.60 0.280 1.112 0.885
16e-1-EOF 1.113 0.557 1.078 1.357 3.032 0.190 1.047 0.820
16:f-1-EOF 1.275 0.638 1.309 1.648 3.032 0.210 0.974 0.774
17e-1-EOF 3.600 1.800 2.969 3.711 11.46 0.157 1.212 0.970
17f-1-EOF 4.075 2.038 3.509 4.385 11.46 0.178 1.161 0.929
18b-1-EOF 7.125 3.563 7.715 9.609 18.75 0.190 0.923 0.741
18b-1-EOF 10.33 5.165 8.894 11.47 18.75 0.275 1.161 0.933
Mean 1.238 0.997
Standard deviation 0.255 0.204




COMPARISON OF THE TESTED AND COMPUTED LOADS FOR WEB CRIPPLING
INTERIOR TWO-FLANGE LOADING
I-SECTIONS
Test Data, Computed Data, per web (P ) (P )
Specimen No. per web u test u test
(P)test (Pu)comp (P~\omp (P ) (P' )
kips kips kips
u comp u comp
I-1-ITF-1 1. 625 2.849 1.532 0.570 1.061
I-1-ITF-2 1. 665 3.012 1. 643 0.553 1.013
I-1-ITF-5 1. 875 3.824 2.045 0.490 0.917
I-1-ITF-6 1.920 3.965 2.144 0.484 0.900
I-2-ITF-1 1.490 3.012 1.492 0.495 1.000
I-2-ITF-2 1.520 2.957 1.455 0.514 1.045
I-2-ITF-5 1.715 3.965 1. 935 0.433 0.886
I-2-ITF-6 1. 690 4.108 2.033 0.411 0.831
I-3-ITF-1 1.915 3.479 1. 978 0.550 0.968
I-3-ITF-2 2.080 3.479 1. 978 0.598 1.052
I-3-ITF-5 2.375 4.733 2.691 0.503 0.883
I-3-ITF-6 2.205 4.574 2.581 0.484 0.854
I-3-ITF-1* 2.090 3.358 1.896 0.622 1.103
I-3-ITF-2* 2.170 3.479 1.977 0.624 1.098
I-3-ITF-5* 2.205 4.653 2.635 0.475 0.837
I-3-ITF-6* 2.335 4.575 2.581 0.512 0.905
I-5'-ITF-5 3.775 6.628 4.041 0.570 0.934
I-5'-ITF-6 4.270 6.720 4.108 0.635 1.040 I
I-6-ITF-1 4.480 6.477 4.627 0.692 0.968
I-6-ITF-2 4.570 6.500 4.639 0.703 0.985
I-6-ITF-5 4.975 8.591 6.145 0.579 0.810
I-6-ITF-6 5.300 8.591 6.128 0.617 0.865
I-6-ITF-7 5.956 8.964 6.291 0.664 0.947
I-6-ITF-8 6.195 8.964 6.288 0.691 0.985
I-6"-ITF-1 2.138 2.135 1. 675 1.001 1.276
I-6"-ITF-2 1. 958 2.175 1.715 0.900 1.142
I-6"-ITF-5 2.380 2.920 2.291 0.817 1.039
I-6"-ITF-6 2.390 2.920 2.291 0.817 1.043
I-12'-ITF-5 10.37 17.12 12.812 0.606 0.809










Test Data, Computed Data, per web (P) test (Pu)testper webSpecimen No. (P) test (P)comp (P' ) (P ) (P.~) compu comp u comp
kips kips kips
2a-4-ITF 3.570 3.100 3.187 1.154 1.120
2b-5-ITF 3.920 3.427 3.522 1.144 1.113
3-3-ITF 4.850 3.900 4.006 1.243 1.211
4a-4-ITF 3.500 3.155 3.098 1.109 1.130
4a-5-ITF 3.800 3.486 3.424 1.090 1.110
4b-3-ITF 4.750 4.012 3.940 1.184 1.206
6a-4-ITF 3.640 4.785 3.694 0.761 0.985
6b-4-ITF 4.250 5.500 4.243 0.773 1.002
9a-1-ITF 10.60 10.02 9.741 1.058 1.088
9a-2-ITF 12.90 10.92 10.614 1.182 1. 215
9b-3-ITF 9.800 10.02 9.741 0.978 1.006
9b-4-ITF 10.85 -10.92 10.614 0.994 1.022
9b-5-ITF 12.90 12.34 11.997 1.045 1.075
10a-4-ITF 10.35 10.22 9.962 1.012 1.039
10a-5-ITF 11.55 11.14 10.851 1.037 1.064
10b-4-ITF 12.55 12.58 12.261 0.997 1.024
11-4-ITF 11.60 10.72 10.105 1.082 1.148
11-5-ITF 11.10 11. 67 11.005 0.951 1.009
1Z-4-ITF 12.80 13.55 12.833 0.945 0.998
1Z-5-ITF 14.40 14.20 13.454 1.014 1.070
13a-3-ITF 15.75 15.35 15.442 1.026 1.020
13a-4-ITF 17.35 16.63 16.731 1.043 1.037
13b-3-ITF 18.05 18.66 18.777 0.967 0.961
14a-4-ITF 16.65 16.96 18.862 0.982 0.883
14a-5-ITF 20.30 18.33 20.390 1.107 0.996










Test Data. Computed Data. per web (Pu)test (P )
Specimen No. per web u test
(P) test (P ) (P ') (P ) (P ')u camp u camp u camp u camp
kips kips kips
15a-4-ITF 17.95 16.85 18.729 1.065 0.958
15a-5-ITF 19.75 18.22 20.248 1.084 0.975
15a-6-ITF 23.90 20.39 22.656 1.172 1.055
15b-4-ITF 20.10 21.31 23.676 0.943 0.849
16d-l-ITF 1.600 2.054 1.616 0.779 0.990
16d-2-ITF 1. 960 2.654 2.089 0.738 0.939
17d-1-ITF 6.260 5.474 4.635 1.143 1.351
17d-2-ITF 6.750 6.877 5.822 0.982 1.159
18a-l-ITF 12.90 13 .80 12.915 0.935 0.999
18a-2-ITF 14.60 16.87 15.781 0.866 0.925
Mean 0.832 1.012
Standard deviation 0.240 0.110
Note:--1. Specimens No.2a-4-ITF through 18a-2-ITF are used for web crippling





COMPARISON OF THE TESTED AND COMPUTED LOADS FOR WEB CRIPPLING
END TWO-FLANGE LOADING
I-SECTIONS
Test Data, Computed Data, per web (Pu) test (Pu) testSpecimen No. per web
(Pu> test (Pu) camp (P~) camp (P ) (P' )
kips kiDS kiDS u camp u comp
I-1-ETF-1 0.705 1.586 0.744 0.445 0.948
I-1-ETF-2 0.690 1.646 0.780 0.419 0.884
I-1-ETF-5 0.890 2.081 0.988 0.428 0.901
I-I-ETF-6 0.935 2.081 0.987 0.449 0.948
1-2-ETF-1 0.645 1.526 0.651 0.423 0.991
I-2-ETF-2 0.665 1.468 0.617 0.453 1.078
I-2-ETF-5 0.770 1.971 0.846 0.391 0.910
I-2-ETF-6 0.690 1.863 0.784 0.370 0.880
I-3-ETF-1 0.805 1.837 0.885 0.440 0.910
I-3-ETF-2 0.850 1.803 0.865 0.472 0.983
I-3-ETF-5 1.120 2.319 1.116 0.483 1.004
I-3-ETF-6 1.035 2.238 1.067 0.464 0.970
I-3-ETF-1* 0.820 1.837 0.884 0.446 0.927
I-3-ETF-2* 0.810 1.837 0.884 0.440 0.916
I-3-ETF-5* 1.005 2.238 1.067 0.446 0.942
I-3-ETF-6* 0.960 2.319 1.116 0.414 0.860
I-5'-ETF-5 1.470 3.196 1.673 0.460 0.879
I-5'-ETF-6 1.405 3.196 1.672 0.440 0.840
I-6-ETF-1 2.035 3.520 2.238 0.578 0.909
1-6-ETF-2 2.105 3.511 2.230 0.600 0.944
I-6-ETF-5 2.935 4.337 2.760 0.677 1.064
I-6-ETF-6 3.060 4.337 2.758 0.706 1.110
1-6-ETF-7 2.690 4.317 2.742 0.623 0.981
I-6-ETF-8 2.400 4.420 2.825 0.543 0.850
1-6"-ETF-1 0.885 1.165 0.776 0.761 1.140
I-6"-ETF-2 0.845 1.121 0.738 0.755 1.144
1-6"-ETF-5 l.065 1.423 0.936 0.749 1.138
1-6"-ETF-6 1.095 1.423 0.937 0.768 1.169
1-12'-ETF-5 4.650 8.838 6.405 0.526 0.726









Test Data, Computed Data, per webper web (Pu) test (p )Specimen No. (P) test (Pu) camp (P' )
u test
u camp (P) camp (p ')u camp
kips kips kips
2b-6-ETF 1.870 1.783 1.569 1.049 1.192
3-4-ETF 1.800 1.959 1. 721 0.919 1.046
4a-6-ETF 1.600 1.687 1.425 0.948 1.123
4a-7-ETF 1.700 1.815 1. 532 0.937 1.109
4b-4-ETF 1.900 2.017 1. 703 0.942 1.116
6a-5-ETF 1.850 2.329 1.570 0.794 1.178
6a-6-ETF 1.920 2.501 1. 686 0.768 1.139
6b-5-ETF 2.250 2.774 1.871 0.811 1.203
9a-3-ETF 5.100 5.554 5.311 0.918 0.960
9b-5-ETF 5.350 5.554 5.311 0.963 1.007
9b-6-ETF 5.950 5.899 5.641 1.009 1.055
9b-7-ETF 6.850 6.447 6.164 1.063 1.111
10a-6-ETF 5.900 5.671 5.327 1.040 1.108
10a-7-ETF 5.950 6.022 5.657 0.988 1.052
10b-5-ETF 7.750 6.578 6.180 1.178 1.254
13a-5-ETF 6.750 8.623 9.030 0.783 0.748
13a-6-ETF 8.500 9.116 9.546 0.932 0.890
13b-4-ETF 12.80 9.898 10.365 1.293 1.235
14a-6-ETF 8.900 9.581 11.182 0.929 0.796
14a-7-ETF 11.15 10.11 11.799 1.103 0.945
14b-5-ETF 12.30 10.95 12.777 1.123 0.963
16d-3-ETF 0.880 1.078 0.716 0.816 1. 229
16d-4-ETF 0.920 1.309 0.870 0.703 1.058
17d-3-ETF 2.450 2.969 2.241 0.825 1.093
17d-4-ETF 3.060 3.509 2.648 0.872 1.155
18a-3-ETF 6.800 7.716 7.047 0.881 0.965
18a-4-ETF 7.500 8.894 ___ §~Jl~_ o 843 ), 973
-- l.007 --Mean 0.709
Standard deviation n ?L.f.. 0.127___ ."~~_c__
Note: l. Specimens No. 2b-6-ETF through 18a-4-ETF are used for web cr ippJ ing tes t





CHANNEL SECTIONS DESIGNED FOR EXPERIMENTAL INVESTIGATION
(COMBINED WEB CRIPPLING AND BENDING)
175
Channel Dimensions (in.) F Totalhit y lengthNo. D B d t (ksi) (in. )
1 4.690 1.940 0.600 0.0460 100 33.46 144
3 9.750 1.625 0.600 0.0480 200 36.88 144
4 4.690 2.060 0.600 0.0460 100 33.46 144
5 9.750 4.500 0.700 0.0480 200 36.88 144
6 2.500 1.625 0.600 0.0480 50 36.88 144
8 4.000 2.250 0.700 0.0750 50 43.60 144
9 7.680 2.250 0.700 0.0750 100 43.60 144
9' 7.300 3.500 0.600 0.0480 150 47.12 144
10 5.438 2.375 0.800 0.1046 50 45.68 120
13 10.69 5.000 1.000 0.1046 100 45.68 120
15 7.300 3.140 0.600 0.0480 150 53.79 144
Note: See designation of symbols in Figure 8.























DIMENSIONS OF COMBINED WEB CRIPPLING AND BENDING TEST SPECIMENS
(SINGLE UNREINFORCED WEBS)
Cross Section Dimensions (in.) TotalSpecimen lengthNo. t B1 B2 B3 B4 d1 d2 D1 D2 BB h R (in. )
SU-BC-1-1 0.0460 1.934 1.983 1.930 1.886 0.585 0.607 4.838 4.709 7 4.682 0.0625 46
SU-BC-1-2 0.0460 1.934 1.926 1.900 1.925 0.590 0.582 4.773 4.788 7 4.689 0.0625 46
SU-BC-1-3 0.0460 1.894 1.975 1.957 1.914 0.601 0.613 4.784 4.669 7 4.635 0.0625 80
SU-BC-1-4 0.0465 1.895 1.957 1.969 1.938 0.639 0.632 4.700 4.678 7 4.596 0.0625 80
SU-BC-1-5 0.0470 1.903 1.956 1.964 1.900 0.637 0.633 4.718 4.728 7 4.629 0.0625 144
SU-BC-1-6 0.0460 1.898 1.980 1.952 1.905 0.640 0.629 4.717 4.680 7 4.607 0.0625 144
SU-BC-3-1 0.0494 1.625 1.658 1.665 1.632 0.617 0.639 9.815 9.800 7 9.709 0.0470 72
SU-BC-3-2 0.0494 1.635 1.641 1.640 1.637 0.617 0.641 9.780 9.781 7 9.682 0.0470 72
SU-BC-3-3 0.0494 1.643 1.644 1.648 1.638 0.620 0.635 9.768 9.788 7 9.679 0.0470 100
SU-BC-3-4 0.0494 1.637 1.639 1.639 1.631 0.632 0.639 9.813 9.811 7 9.713 0.0470 100
SU-BC-3-5 0.0484 1.636 1.635 1.632 1.634 0.638 0.625 9.785 9.775 7 9.682 0.0470 134
SU-BC-3-6 0.0494 1.635 1.654 1.655 1.622 0.632 0.628 9.809 9.804 7 9.708 0.0470 134
SU-BC-15-1 0.0500 3.150 3.132 3.140 3.180 0.584 0.620 7.460 7.396 7 7.298 0.0781 52
SU-BC-15-2 0.0510 3.100 3.159 3.155 3.176 0.625 0.603 7.457 7.428 7 7.341 0.0781 52
SU-BC-15-3 0.0510 3.175 3.132 3.132 3.157 0.615 0.605 7.408 7.437 7 7.321 0.0781 92
SU-BC-15-4 0.0500 3.140 3.107 3.143 3.167 0.620 0.581 7.436 7.425 7 7.331 0.0781 92
SU-BC-15-5 0.0510 3.186 3.124 3.131 3.181 0.612 0.615 7.428 7.383 7 7.304 0.0781 144
SU-BC-15-6 0.0520 3.175 3.130 3.134 3.174 0.613 0.611 7.443 7.380 7 7.261 0.0781 144





DIMENSIONS OF COMBINED WEB CRIPPLING AND BENDING TEST SPECIMENS
(SINGLE UNREINFORCED WEBS)
(continued)
Specimen Cross Section Dimensions (in.) Total
No. Lengtht B1 B2 B3 B4 d1 d2 D1 D2 BB h R (in. )
SU-BC-6-1 0.0497 1.625 1.641 1.632 1.622 0.628 0.637 2.562 2.560 7 2.462 0.0781 58
SU-BC-6-2 0.0497 1.628 1.648 1.645 1.617 0.611 0.643 2.570 2.572 7 2.472 0.0781 58
SU-BC-6-3 0.0507 1.635 1.634 1.618 1.644 0.609 0.645 2.560 2.559 7 2.458 0.0781 86
SU-BC-6-4 0.0497 1.599 1.617 1.620 1.622 0.635 0.635 2.550 2.539 7 2.445 0.0781 86
SU-BC-16-1 0.0510 1.503 1.500 1.500 1.501 0.616 0.603 4.000 4.032 7 3.914 0.0625 72
SU-BC-16-2 0.0500 1.485 1.490 1.475 1.498 0.613 0.601 4.022 4.043 7 3.932 0.0625 72
SU-BC-16-3 0.0510 1.479 1.487 1.500 1.482 0.619 0.598 4.050 4.062 7 3.954 0.0625 112
SU-BC-13-4 0.0510 1.811 1.804 1. 785 1.821 0.607 0.608 4.050 4.044 7 3.945 0.0625 112
SU-BC-7-1 0.0470 2.500 2.495 2.465 2.507 0.581 0.598 4.775 4.797 7 4.692 0.0625 84
SU-BC-7-2 0.0460 2.497 2.477 2.503 2.502 0.589 0.615 4.773 4.800 7 4.694 0.0625 84
SU-BC-7-3 0.0460 2.500 2.494 2.520 2.500 0.598 0.614 4.729 4.736 7 4.640 0.0625 116
SU-BC-7-4 0.0460 2.500 2.496 2.512 2.504 0.590 0.623 4.759 4.747 7 4.661 0.0625 116
SU-BC-8-1 0.0500 3.059 3.024 3.000 3.000 0.607 0.606 6.125 6.175 7 6.050 0.0781 94
SU-BC-8-2 0.0500 2.995 2.970 2.972 2.989 0.626 0.602 6.190 6.200 7 6.095 0.0781 94
SU-BC-8-3 0.0500 2.990 3.000 3.005 3.004 0.602 0.616 6.211 6.168 7 6.089 0.0781 126
SU-BC-8-4 0.0500 2.991 3.000 3.000 2.984 0.611 0.618 6.205 6.179 7 6.092 0.0781 126
SU-BC-8'-1 0.0760 2.268 2.250 2.248 2.275 0.732 0.729 4.033 4.009 7 3.869 0.0938 78
SU-BC-8'-2 0.0755 2.247 2.252 2.254 2.230 0.722 0.713 4.077 4.072 7 3.923 0.0938 78
SU-BC-8'-3 0.0760 2.262 2.256 2.258 2.267 0.691 0.716 4.104 4.160 7 3.980 0.0938 114





PARAMETERS AND SECTIONAL PROPERTIES OF COMBINED WEB CRIPPLING AND BENDING TEST SPECIMENS,
SINGLE UNREINFORCED WEBS
Specimen Parameters and Sectional Properties
No. N Nit hit Rlt wit (w/t)lim Fy ~. Sx S' S"x x3(in. ) (ksi) (in. 2) (in. 3) (in. 3) (in. ')
SU-BC-1-1 3 65.22 101.78 1.359 37.96 38.16 33.46 0.430 1.289 1.275 1.289
SU-BC-1-2 3 65.22 101.93 1.359 37.30 38.16 33.46 0.432 1.283 1.271 1. 283
SU-BC-1-3 3 65.22 100.76 1.359 37.17 38.16 33. 1: S 0.426 1.269 1.354 1.269
SU-BC-1-4 3 64.52 98.84 1.344 36.75 38.16 33.46 0.436 1.275 1.359 1.275
SU-BC-1-5 3 63.83 98.49 1.329 36.49 38.16 33.46 0.436 1.299 1.417 1. 299
SU-BC-1-6 3 65.22 100.15 1.359 37.26 38.16 33.46 0.424 1.269 1.383 1.269
SU-BC-3-1 3 60.73 196.54 0.951 28.89 36.35 36.88 0.940 3.414 3.612 3.414
SU-BC-3-2 3 60.73 196.00 0.951 29.10 36.35 36.88 0.956 3.461 3.667 3.461
SU-BC-3-3 3 60.73 195.93 0.951 29.26 36.35 36.88 0.956 3.466 3.744 3.466
SU-BC-3-4 3 60.73 196.62 0.951 29.14 36.35 36.88 0.960 3.485 3.765 3.485
SU-BC-3-5 3 61.98 200.04 0.971 29.72 36.35 36.88 0.938 3.401 3.634 3.401
SU-BC-3-6 3 60.73 196.52 0.951 29.10 36.35 36.88 0.960 3.487 3.729 3.487
SU-BC-15-1 3 60.00 145.96 1.562 58.80 30.10 53.79 0.730 3.028 3.129 3.181
SU-BC-15-2 3 58.82 143.94 1.531 56.78 30.10 53.79 0.748 3.135 3.225 3.200
SU-BC-15-3 3 58.82 143.55 1,531 57.41 30.10 53.79 0.746 3.117 3.539 3.277
SU-BC-15-4 3 60.00 146.62 1.562 58.80 30.10 53.79 0.734 3.062 3.464 3.215
SU-BC-15-5 3 58.82 143.22 1.531 57.39 30.10 53.79 0.746 3.106 3.736 3.260





PARAMETERS AND SECTIONAL PROPERTIES OF COMBINED WEB CRIPPLING AND BENDING TEST SPECIMENS
SINGLE UNREINFORCED WEBS
(continued)
Specimen Parameters and Sectional Properties
No. N Nit hit Rlt wit (wit) 1. Fy Aw Sx s:k s"x(in. ) 1m (ksi) ( in. 2) ( in . 3) (in. 3) (in. 3)
SU-BC-6-1 3 60.36 49.54 1.571 28.76 36.35 36.88 0.122 0.266 0.282 0.266
SU-BC-6-2 3 60.36 49.74 1.571 28.93 36.35 36.88 0.123 0.267 0.284 0.267
SU-BC-6-3 3 59.17 48.48 1.540 28.08 36.35 36.88 0.124 0.269 0.302 0.269
SU-BC-6-4 3 60.36 49.19 1.571 28.38 36.35 36.88 0.121 0.261 0.292 0.261
SU-BC-16-1 3 58.82 76.74 1.225 25.44 30.10 53.79 0.200 0.477 0.524 0.477
SU-BC-16-2 3 60.00 78.64 1.250 25.60 30.10 53.79 0.196 0.468 0.514 0.468
SU-BC-16-3 3 58.82 77 .63 1.225 25.20 30.10 53.79 0.201 0.480 0.536 0.480
SU-BC-13-4 3 58.82 77.36 1.225 31.25 30.10 53.79 0.201 0.535 0.603 0.540
SU-BC-7-1 3 65.22 102.0 1.329 48.82 38.16 33.46 0.220 0.699 0.790 0.757
SU-BC-7-2 3 65.22 102.0 1. 358 50.35 38.16 33.46 0.216 0.700 0.789 0.758
SU-BC-7-3 3 65.22 100.9 1.358 50.56 38.16 33.46 0.213 0.691 0.813 0.749
SU-BC-7-4 3 65.22 101.3 1. 358 50.48 38.16 33.46 0.214 0.694 0.817 0.753
SU-BC-8-1 3 60.00 121.0 1.562 56.59 32.16 47.12 0.302 1.147 1.337 1. 200
SU-BC-8-2 3 60.00 121. 9 1.562 55.67 32.16 47.12 0.305 1.158 1.340 1.213
SU-BC-8-3 3 60.00 121.8 1.562 55.95 32.16 47.12 0.304 1.154 1. 393 1.209
SU-BC-8-4 3 60.00 121. 8 1.562 55.91 32.16 47.12 0.305 1.156 1. 394 1.211
SU-BC-8'-1 3 39.47 50.91 1.234 25.71 33.43 43.60 0.294 0.900 0.966 0.900
SU-BC-8'-2 3 39.74 51.96 1. 242 25.81 33.43 43.60 0.296 0.906 0.974 0.906
SU-BC-8'-3 3 39.47 52.37 1.234 25.73 33.43 43.60 0.302 0.928 1.046 0.928





COMPARISON OF THE TESTED AND COMPUTED RESULTS FOR COMBINED BENDING AND WEB CRIPPLING
SINGLE UNRElNFORCED WEBS




















































1.140 11.40 1.297 21.33 0.878 0.534 1.086
1.180 11.30 1.296 21.26 0.910 0.531 1.108
0.860 15.91 1.301 21.23 0.661 0.749 1.085
0.890 16.46 1.336 21.33 0.670 0.772 1.109
0.610 21.05 1.364 21./3 0.447 0.968 1.088
0.530 18.29 1.304 21.23 0.406 0.861 0.975
1.200 19.80 NA 28.17
1.335 22.03 NA 28.70
1.105 25.97 NA 28.57
1.170 27.50 NA 28.72
0.925 29.60 NA 27.08
1.020 32.64 NA 28.76
2.090 24.04 1.762 47.57
2.075 23.86 1.844 49.21
1.840 39.56 1.846 50.67
1.800 38.70 1.757 47.65
1.500 51.75 1.849 50.64
1.500 51.75 1.943 53.60
1.526 9.531 1.567 31.41
1.525 9.531 1.597 31.50
1.770 11.06 1.750 31.88
1.775 11.09 1.753 31.57
2.085 13.03 1.928 31.71
1.985 12.41 1.931 31.48
1.605 10.03 1.577 32.02
1.630 10.19 1.610 31.83
2.200 13.75 2.012 32.21
2.075 12.97 1.924 31.83
Test Data, per web Computer Data, per web (P) (M) (1)
"7"""":-----"'7.'"::__--"7;;~---I(~\)-- test tes t A





























































COMPARISON OF THE TESTED AND COMPUTED RESULTS FOR COMBINED BENDING AND WEB CRIPPLING
SINGLE UNREINFORCED WEBS
BASED ON THE AISI SPECIFICATION
(continued)
Test Data,per web Computer Data,per web (P) (M) A (1)
Specimen No. hit (P) test ( test testM)test (Pu)AISI (Mu)AISI (P )AISI (M) AISI 1.3kips inch-kips kips inch-kips u
SU-BC-6-1 49.5 0.880 11.11 1.848 9.810 0.476 1.132 1.237
SU-BC-6-2 49.7 0.840 10.60 1.848 9.850 0.454 1.076 1.185
SU-BC-6-3 48.5 0.565 11.09 1.922 9.921 0.294 1.117 1.085
SU-BC-6-4 49.2 0.650 12.75 1.848 9.626 0.352 1. 324 (3) 1. 289 (3)
SU-BC-16-1 76.7 1.440 23.22 2.353 25.66 0.612 0.905 1.167
SU-BC-16-2 78.6 1.350 21. 76 2.257 25.17 0.598 0.864 1.125
SD-BC-16-3 77 .5 1.005 26.25 2.347 25.82 0.428 1.016 1.111
SU-BC-13-4 77.3 1.105 28.87 2.349 28.78 0.470 1.003 1.133
SU-BC-7-1 102.0 1.000 19.12 1.355 23.39 0.738 0.817 1.196
SU-BC-7-2 102.0 0.940 17.97 1.296 23.42 0.725 0.767 1.148
SU-BC-7-3 100.9 0.700 18.98 1.301 23.12 0.538 0.821 1.045
SU-BC-7-4 101. 3 0.755 20.48 1.299 23.22 0.581 0.882 1.125
SU-BC-8-1 121.0 1.535 33.19 1.778 52.23 0.863 0.635 1.152
SU-BC-8-2 121.9 1.470 31. 78 1.772 52.02 0.829 0.611 1.108
SU-BC-8-3 121.8 1.310 38.81 1. 773 51.93 0.740 0.747 1.144
SU-BC-8-4 121. 8 1.300 38.51 1. 773 52.02 0.733 0.740 "1.133
SU-BC-8'-1 50.91 2.205 38.86 4.477 39.24 0.492 0.990 1.140
SU-BC-8'-2 51.96 2.365 41.68 4.410 39.60 0.536 1.055 1.224
SU-BC-8'-3 52.37 1.590 42.33 4.460 40.46 0.356 1.046 1.078
SU-BC-8'-4 52.21 1. 700 45.26 4.462 40.50 0.381 1.117 1.152
CJ-18 143 1.160 33.64 1.644 48.18 0.705 0.690 1.074
CJ-19 143 1.380 26.91 1.644 48.18 0.839 0.550 1.075
CJ-20 143 1. 740 8.570 1.644 48.18 1.058 0.177 (3) 0.950 (3)
CJ-21 114.9 1.960 49.98 2.755 59.90 0.711 0.834 1.188 f-'
CJ-22 114.9 2.620 33.27 2.755 59.90 0.950 0.550 1.154 coN
CJ-23 114.9 2.940 18.96 2.755 59.90 1.050 0.316 1.051
CJ-24 93.4 2.880 55.58 4.206 69.64 0.684 0.798 1.140
CJ-25 93.4 3.280 42.47 4.206 69.64 0.770 0.609 1.061
CJ-26 93.4 3.820 27.69 4.206 69.64 0.908 0.390 0.998
TABLE 12
COMPARISON OF THE TESTED AND COMPUTED RESULTS FOR COMBINED BENDING AND WEB CRIPPLING
SINGLE UNREINFORCED WEBS
BASED ON THE AISI SPECIFICATION
(continued)
Test Dat~per web Computer Data, per web (P) (M)test A (1)
Specimen No. hit (P)test
test
(M)test (Pu)AISI (Mu)AISI (P) (M) AISI 1.3
kips . h k' k' . h k' u AIS I1nc - 1pS 1PS 1nc - 1pS
1 47.0 1.930 5.790 2.123 14.16 0.909 0.409 1.014
2 46.2 2.260 6.780 2.388 14.75 0.946 0.460 1.082
3 46.5 2.620 7.860 2.327 13.09 1.126 0.600 1.328
4 47.7 1.665 4.995 1.867 14.56 0.892 0.343 0.950
5 47.2 1.865 5.595 1.918 13 .56 0.972 0.412 1.065
6 47.7 2.020 6.• 060 2.126 13.98 0.950 0.433 1.064
7 44.7 2.850 8.550 3.257 24.26 0.875 0.352 0.944
8 44.4 3.340 10.02 3.543 24.56 0.943 0.408 1.039
9 44.4 4.100 12.03 3.807 24.03 1.077 0.501 1.214
10 44.0 2.790 8.370 2.865 23.35 0.974 0.358 1.025
11 44.9 3.100 9.300 3.045 24.10 1.018 0.386 1.080
12 44.9 3.540 10.62 3.309 24.08 1.070 0.441 1.162
15 97.0 2.210 13.26 1.969 38.21 1.122 0.347 1.130
21 89.7 3.750 22.50 3.380 70.24 1.109 0.320 1.099
27 148.5 1. 775 15.98 1.668 43.84 1.064 0.364 1.098
32 137.3 2.663 23.97 2.729 55.28 0.976 0.433 1.084
33 136.4 2.875 25.88 2.909 56.36 0.988 0.460 1.114




Notes: 1. A= + w(Pu)AISI (Mu)AISI
2. These specimens were not included in this comparison because the hit ratios exceed 150.
3. These specimens were not included in this comparison because the Moment ratio is either
too big or too small.
TABLE 13
COMPARISON OF THE TESTED AND COMPUTED RESULTS FOR COMBINED BENDING A~D WEB CRIPPLING
SINGLE UNREINFORCED WEBS
BASED ON UMR METHOD
Test Data, per web Computed Data, per web (M)test V (P)test A(1) B(2) F '1 (3)al ureSpecimen No. (P)test ~M)test 0:' u) camp (MU) camp Vu
- (P' ) 1,42V (M ) Vu 1. 30 Modes
kiDS inch-kips kips kiDs inch-kips kips u camp u camp
SU-BC-1-1 1.140 11. 40 0.570 1.407 21.33 3.077 0.534 0.185 0.810 0.986 1.034 WC ISU-BC-1-2 1.180 11.80 0.565 1.407 21.26 3.082 0.536 0.183 0.839 1~010 1, ()5 7 WC I
SU-BC-1-3 0.860 15.91 0.430 1. 410 21.23 3.022 0.749 0.142 0.610 0.987 1.045 \.JC
SU-BC-1-4 0.890 16.46 0.445 1.442 21.33 3.216 0.772 0.138 0.617 1.008 1,068 WC
SU-BC-1-5 0.610 21.05 0.305 1.469 21. 73 3.211 0.969 0.095 0.4J.5 0.995 1.065 WC & FY
SU-BC-1-6 0.530 18.29 0.265 1. 411 21.23 3.019 0.862 0.088 0.375 -- 0.952 WC & FY
SU-BC-3-1 1.200 19.80 0.600 1.486 52.93 1. 770 0.374 0.340 0.807 0.871 0.908 WC
SU-BC-3-2 1.335 22.03 0.668 1.488 54.73 1.886 0.403 0.354 0.900 0.962 1.002 WC
SU-BC-3-3 1.105 25.97 0.553 1. 489 ' 54.39 1.829 0.477 0.302 0.742 0.895 0.938 WC
SU-BC-3-4 1.170 27.50 0.585 1.487 54.97 1.824 0.500 0.321 0.790 0.947 0.992 WC
SU-BC-3-5 0.925 29.60 0.463 1. 425 52.87 1.697 0.560 0.273 0.650 0.884 0.931 WC & WB
SU-BC-3-6 1.020 32.64 0.510 1.487 54.89 1.800 0.595 0.283 0.690 0.939 0.988 WC & WB
SU-BC-15-1 2.090 24.04 1.045 2.057 68.88 2.623 0.349 0.400 1.016 -- 1.050 WC
SU-BC-15-2 2.075 23.86 1.038 2.149 72.18 2.766 0.331 0.375 0.966 -- 0.998 WC
SU-BC-15-3 1.840 39.56 0.920 2.150 71.66 2.633 0.552 0.349 0.856 1.034 1.083 WC
SU-BC-15-4 1. 800 38.70 0.900 2.064 69.16 2.483 0.560 0.362 0.872 1.051 1.102 WC
SU-BC-15-5 1.500 51. 75 0.750 2.152 71.36 2.611 0.725 0.287 0.700 1.038 1.096 WC
SU-BC-15-6 1.500 51. 75 0.750 2.242 74.21 2.783 0.697 0.269 0.670 0.996 1.052 WC
SU-4-IOF-1 1.526 9.531 0.763 1.612 31.41 3.901 0.303 0.196 0.946
-- 0.961 WC
SU-4-IOF-2 1.525 9.531 0.763 1.585 31.50 4.014 0,303 0.239 0.962 -- 0.973 WC
SU-4-IOF-3 1.770 11.06 0.885 1.835 31.88 4.108 0.347 0.215 0.964 -- 1.008 WC
SU-4-IOF-4 1. 775 11.09 0.885 1.839 31.57 4.065 0.351 0.218 0.965 0.974 1.012 WC
SU-4-IOF-5 2.085 13.03 0.888 2.059 31. 71 4.063 0.411 0.257 1.012 1.052 1.095 WC
SU-4-IOF-6 1.985 12.41 1.043 2.060 31.48 4.080 0.394 0.243 0.963 1.003 1.044 WC
M-SU-4-IOF-l 1.605 10.03 0.803 1.626 32.02 4.037 0.313 0.199 0.987 -- 1.000 WC
M-SU-4-IOF-2 1.630 10.19 0.915 1.657 31.83 4.205 0.320 0.194 0.983
-- 1.002 WC
M-SU-4-IOF-5 2.200 13.75 1.100 2.106 32.21 4.315 0.427 0.255 1.045 1.088 1.132 WC
M-SU-4-IOF-6 2.07;' 12.97 1.038 2.060 31.83 4.136 0.407 0.251 1,007 1.040 1.082 WC
SU-BC-6-1 0.880 11.11 0.440 1.853 9.810 2.597 1.132 0.169 0.474 1.154 1.235 WC & FY
SU-BC-6-2 0.840 10.60 0.420 1.853 9.850 2.619 1.076 0.160 0.453 1.099 1.176 WC & FY
SU-BC-6-3 0.565 11.09 0.282 1.924 9.921 2.640 1.117 0.107 0.293 -- -- WC & FY
SU-BC-6-4 0.650 12.75 0.325 1.854 9.626 2.576 1.324 0.126 0.350 -- 1.287 WC & FY
SU-BC-16-1 1.440 23.22 0.720 2.448 25.66 6.210 0.905 0.116 0.588 1.080 1.148 WC





COMPARISON OF THE TESTED AND COMPUTED RESULTS FOR COMBINED BENDING AND WEB CRIPPLING
SINGLE UNREINFORCED WEBS
BASED ON UMR METHOD
~~un~.l.uueu
Test Data. per web Computed Data, per web (M)test V (P)test A(1) B(2) Failure (3)
Specimen No. (P)test (M)test V (P' ) (M) comp V (M) comp V (P~) comp 1.42 1.30 Modesu comp u u
kips inch-kips kips kips inch-kips kips
SU-BC-16-3 1.005 26.25 0.502 2.445 25.82 6.241 1.016 0.080 0.411 1.025 1.097 WC
SU-BC-13-4 1.105 28.87 0.552 2.446 28.78 6.241 1.003 0.088 0.451 1.046 1.118 WC
SU-BC-7-1 1.000 19.12 0.500 1.475 23.39 3.043 0.817 0.164 0.677 1.085 1.149 WC
SU-BC-7-2 0.940 17.97 0.470 1.410 23.42 2.987 0.767 0.157 0.666 1.042 1.102 WC
SU-BC-7-3 0.700 18.98 0.350 1.413 23.12 2.994 0.821 0.117 0.495 0.951 1.012 WC
SU-BC-7-4 0.755 20.48 0.377 1.412 23.22 2.985 0.881 0.126 0.534 1.023 1.088 WC
SU-BC-8-1 1.535 33.19 0.767 1.990 54.05 2.978 0.614 0.257 0.771 1.013 1.065 WC
SU-BC-8-2 1.470 31. 78 0.735 1.987 54.56 2.964 0.582 0.248 0.739 0.967 1.016 WC
SU-BC-8-3 1.310 38.81 0.655 1.987 54.38 2.940 0.713 0.223 0.659 0.998 1.056 WC
SU-BC-8-4 1.300 38.51 0.650 1.987 54.47 2.950 0.706 O.:~O 0.654 0.990 1.046 WC
SU-BC-8'-1 2.205 38.86 1.102 4.468 39.24 7.401 0.990 0.149 0.493 1.068 1.141 WC & FY
SU-BC-8'-2 2.365 41.68 1.182 4.407 39.50 7.451 1.055 0.158 0.536 1.146 1.224 WC & FY
SU-BC-8'-3 1.590 42.33 0.795 4.458 40.46 7.602 1.046 0.104 0.356 -- 1.078 WC & FY
SU-BC-8'-4 1. 700 45.26 0.850 4.459 40.50 7.677 1.117 0.112 0.381 -- 1.152 FY
1 1.930 5.790 0.965 2.083 14.16 3.186 0.409 0.303 0.926 0.986 1.027 WC
2 2.260 6.780 1.130 2.302 14.75 2.832 0.460 0.399 0.982 1.064 1.109 WC
3 2.620 7.860 1.310 2.334 13.09 3.156 0.600 0.415 1.122 1.267* 1.325* WC
4 1.665 4.995 0.833 1.832 14.56 3.156 0.343 0.264 0.926 -- 0.962 WC
5 1.865 5.595 0.933 1.897 13.56 2.940 0.413 0.317 0.983 1.031 1.074 WC
6 2.020 6.060 1.010 2.105 13.98 3.031 0.433 0.333 0.960 1.028 1.071 WC
7 2.850 8.550 1.425 3.189 24.26 5.226 0.352 0.273 0.921 0.932 0.958 WC
8 3.340 10.02 1.670 3.480 24.56 5.286 0.408 0.316 0.960 1.011 1.051 WC
9 4.100 12.03 2.050 3.755 24.03 5.171 0.501 0.396 1.092 1.175 -- WC
10 2.790 8.370 1.395 2.803 23.35 5.024 0.358 0.280 1,001 1.011 1-.041 WC
11 3.100 9.300 1.550 3.000 24.10 5.192 0.386 0.299 1.050 1.061 1.092 WC
12 3.540 10.62 1.770 3.270 24.08 5.194 0.441 0.341 1.083 1.127 1.172 WC
15 2.210 13.26 1.105 2.100 38.21 5.719 0.347 0.193 1.037 -- 1.076 WC
21 3.750 22.50 1.875 3.511 70.24 7.798 0.320 0.240 1.030 -- 1.068 we
27 1. 775 15.98 0.888 1.912 47.29 4.026 0.338 0.221 0.937 -- 0.974 WC
32 2.663 23.97 1.332 2.943 n.27 5.138 0.323 0.259 0.909 -- 0.943 we
33 2.875 25.88 1. 438 3.223 80.13 5.169 0.323 0.278 0.900 -- 0.934 WC
45 3.065 36.78 1.533 3.373 116.83 4.495 0.315 0.341 0.906 -- 0.941 WC
CJ-18 1.160 33.64 :.580 :1..378 48.18 2.517 0.698 0.230 0.618 0~957 L012





COMPARISON OF THE TESTED AND COMPUTED RESULTS FOR COMBINED BENDING AND WEB CRIPPLING
SINGLE UNREINFORCED WEBS
BASED ON UMR METHOD
(continued)
Test Data. per web Computed Data. per web (M)test V (P) test A(1) B(2) Failure (3)Specimen No. (P\est (M)test V (P~) comp (M ) Vu comp u (Mu)comp V (P~) comp 1.42 1.30 Modes
kips inch-kips kips kips inch-kips kips u
CJ-20 1. 740 8.570 0.870 1.878 48.18 3.471 0.177 0.251 0.926 -- --
CJ-21 1.960 49.98 0.980 2.873 59.90 4.831 0.834 0.203 0.682 1.101 1.166
CJ-22 2.620 33.27 1.310 2.873 59.90 5.042 0.555 0.260 0.912 1.078 1.129
CJ-23 2.940 18.96 1.470 2.873 59.90 5.849 0.316 0.251 1.023 -- 1.030
CJ-24 2.880 55.58 1.440 4.219 69.64 9.030 0.798 0.159 0.683 1.076 1.139
CJ-25 3.280 42.47 1.640 4.219 69.64 9.300 0.609 0.176 0.780 1.016 1.068
CJ-26 3.820 27.70 1.910 4.219 69.64 10.39 0.398 0.184 0.905 0.962 1.003
~ean 1.020 1.058




A = 1 07 test + test
• (P') (M )
u comp u comp
(P)test (M)test
B = (P') + (M )
u comp u comp
(M) (M ) (P) (P') .When test/ u comp < 0.35 and/or test/ u comp < 0.39, the ratlo of
A/1.42 is not given in the table.
(M) (M ) (P) (P') .When test/ u comp < 0.3 and/or test/ ucomp < 0.3, the ratlO of
B/l.30 is not given in the table.
3. Failure modes are defined as follows: WC = web crippling, WE = web buckling, FY = flange yielding




INFORMATION REQUIRED FOR A STUDY OF THE EFFECT OF SHEAR ON WEB CRIPPLING LOAD
SINGLE UNREINFORCED WEBS
Reduced Web Crippling
Specimen No. (P) test (P' ) V (M)test Load, per web (Pu) test (P) testu comp V (P)Rl (P)R2(kips) (kips) u (Mu)comp (P)Rl (P)R2(kips) (kips)
SU-BC-1-1 1.400 1.407 0.185 0.534 1.165 1.077 1.202 1.057
SU-BC-1-2 1.130 1.407 0.183 0.532 1.168 1.081 0.967 1.045
SU-BC-1-3 0.860 1.410 0.142 0.749 0.884 0.780 0.973 1.102
SU-BC-1-4 0.890 1.442 0.138 0.772 0.873 0.761 1.019 1.169
SU-BC-1-5 0.610 1.469 0.095 0.969 0.619 0.490 0.985 1.244
SU-BC-1-6 0.530 1.411 0.088 0.862 0.736 0.618 0.720 0.857
SU-BC-3-1 1.200 1. 486 0.340 0.374 1.453 1.376 0.826 0.872
SU-BC-3-2 1.335 1.488 0.354 0.403 1.414 1. 335 0.944 1.000
SU-BC-3-3 1.105 1.489 0.302 0.477 1.312 1.225 0.842 0.902
SU-BC-3-4 1.170 1.487 0.321 0.500 1.279 1.190 0.915 0.983
SU-BC-3-5 0.925 1.425 0.273 0.560 1.145 1.055 0.808 0.877
SU-BC-3-6 1.020 1.487 0.283 0.595 1.147 1.048 0.889 0.973
SU-BC-15-1 2.090 2.057 0.400 0.349 1.972 1.956 1.060 1.068
SU-BC-15-2 2.075 2.149 0.375 0.331 2.187 2.082 0.949 0.997
SU-BC-15-3 1. 840 2.150 0.349 0.552 1.744 2.044 1.055 0.900
SU-BC-15-4 1.800 2.064 0.362 0.560 1.659 1.527 1.085 1.176
SU-BC-15-5 1.500 2.152 0.287 0.725 1.398 1.240 1.073 1.209
SU-BC-15-6 1.500 2.242 0.269 0.697 1.515 1.352 0.990 1.109
SU-4-IOF-1 1.526 1.612 0.196 0.303 1.683 1.580 0.907 0.966
SU-4-IOF-2 1.525 1.585 0.239 0.315 1.637 1.561 0.932 0.977
SU-4-IOF-3 1. 770 1.835 0.215 0.347 1.840 1. 749 0.962 1.012
SU-4-IOF-4 1. 775 1.839 0.218 0.351 1.837 1. 745 0.966 1.017
SU-4-IOF-5 2.085 2.059 0.257 0.411 1.942 1.830 1.074 1.139
SU-4-IOF-6 1.985 2.060 0.243 0.394 1.975 1.867 1.005 1.063
M-SU-4-IOF-1 1.605 1.626 0.199 0.313 1.682 1.605 0.954 1.000
M-su-4-IOF-2 1.630 1. 657 0.194 0.320 1.703 1.624 0.957 1.004 f-'
M-SU-4-IOF-5 2.200 2.106 0.255 0.427 1.954 1.840 1.126 1.195 00
-....I
M-SU-4-IOF-6 2.075 2.060 0.251 0.407 1.950 1.840 1.064 1.127
SU-BC-6-1 0.880 1. 853 0.169 1.132* 0.499 0.311 1. 764* 2.830*
SU-BC-6-2 0.840 1. 853 0.160 1.076 0.596 0.415 0.409 2.024
SU-BC-6-3 0.565 1.924 0.107 1.117* 0.545 0.352 1.037* 1. 605*
SU-BC-6-4 0.650 1. 854 0.126 1. 324*
TABLE 14




Specimen No. (Pu\est (P~)comp V (M)test Load, per web (P) test (Pu) test-V (P)Rl (P)R2(kips) (kips) u (Mu)comp (Pu)Rl (Pu)R2(kips) (kips)
SU-BC-16-1 1.440 2.448 0.116 0.905 1.178 0.967 1.220 1.489
SU-BC-16-2 1.350 2.357 0.111 0.864 1.225 1.028 1.102 1. 313
SU-BC-16-3 1.005 2.445 0.080 1.016 0.923 0.694 1.089 1.089
SU-BC-13-4 1,105 2.446 0.088 1.003 0.953 0.726 1.159 1.522
SU-BC-7-1 1.000 1.475 0.164 0.817 0.831 0.712 1.203 1.404
SU-BC-7-2 0.940 1.410 0.157 0.767 0.860 0.752 1.093 1.250
SU-BC-7-3 0.700 1.413 0.117 0.821 0.791 0.677 0.885 1.034
SU-BC-7-4 0.755 1.412 0.126 0.881 0.711 0.592 1.062 1.275
SU-BC-8-1 1.535 1.990 0.257 0.614 1.499 1.365 1.024 1.125
SU-BC-8-2 1.470 1.987 0.248 0.582 1.556 1.427 0.945 1.030
SU-BC-8-3 1.310 1.987 0.223 0.713 1.313 1.166 0.998 1.123
SU-BC-8-4 1.300 1. 987 0.220 0.706 1. 326 1.180 0.980 1.102
SU-BC-8'-1 2.205 4.468 0.149 0.990 1. 796 1.385 1.228 1.592
SU-BC-8'-2 2.365 4.407 0.158 1.055 1.503 1.080 1.574 2.190
SU-BC-8'-3 1.590 4.458 0.104 1.046 1.558 1.132 1.021 1.405
SU-BC-8'-4 1.700 4.459 0.112 1.117* 1.263 0.816 1. 346* 2.083*
1 1.930 2.083 0.303 0.409 1.968 1.856 0.981 1.039
2 2.260 2.302 0.399 0.460 2.065 1.934 1.094 1.168
3 2.620 2.334 0.415 0.600 1. 789 1.634 1.465 1.603
4 1.665 1.832 0.264 0.343 1.844 1. 753 0.903 0.950
5 1.865 1. 897 0.317 0.413 1.785 1.683 1.045 1.108
6 2.020 2.105 0.333 0.433 1.942 1.825 1.040 1.106
7 2.850 3.189 0.273 0.352 3.183 3.023 0.895 0.943
8 3.340 3.480 0.316 0.408 3.291 3.104 1.015 1.076
9 4.100 3.755 0.396 0.501 3.225 3.000 1.271 1.360
10 2.790 2.803 0.280 0.358 2.782 2.640 1.003 1.056
11 3.100 3.000 0.299 0.386 2.899 2.742 1.073 1.131 I-'
12 3.540 3.270 0.341 0.441 2.992 2.809 1.183 1.260 ())())
15 2.210 2.100 0.193 0.347 2.106 2.001 1.049 1.104
21 3.750 3.511 0.240 0.320 3.609 3.441 1.039 1.089
27 1. 775 1.912 0.221 0.338 1.933 1.839 0.918 0.965
32 2.663 2.943 0.259 0.323 3.017 2.875 0.883 0.926
33 2.875 3.223 0.278 0.323 3.304 3.149 0.870 0.913
TABLE 14
































Load, per web(P , ) :!- (M) tes t (P) (P ) R2u camp V ) u Rl u
(kips) u (Mu camp (kip~) _(kj.ps)
3.373 0.341 0.315 3.483 3.322
1.879 0.230 0.690 1.282 1.146
1.878 0.270 0.550 1.527 1.409
1.878 0.251 0.177 2.182 2.109
2.873 0.203 0.834 1.573 1.339
2.873 0.260 0.550 2.336 2.155
2.873 0.251 0.316 2.964 2.827
4.219 0.159 0.798 2.450 2.118
4.219 0.176 0.609 3.198 2.915



























Notes: 1. The reduced web crippling loads were computed by considering the effects of bending
moments as follows:
2. *Not included in calculation of the mean value and standard deviation since the
(M) t / (N ) > 1. 10.tes u camp
(M) (P')
_ test u camp
(Pu)R1 - (1.42 - (M ) ) 1.07 ; (Pu)R2
u camp
(N)test ,






DIMENSIONS OF COMBINED WEB CRIPPLING AND BENDING TEST SPECIMENS
(I-SECTIONS HAVING UNREINFORCED WEBS)
Specimen Cross Section Dimensions (in.) TotallengthNo. t B1 B2 B3 B4 d1 d2 D1 D2 BB h R (in. )
I-BC-4-1 0.0460 2.075 2.080 2.064 2.056 0.573 0.581 4.750 4.814 4.138 4.690 0.0938 35
I-BC-4-2 0.0465 2.083 2.068 2.066 2.071 0.607 0.595 4.694 4.790 4.144 4.649 0.0938 35
I-BC-4-3 0.0470 2.072 2.069 2.067 2.078 0.609 0.582 4.783 4.692 4.144 4.644 0.0938 60
I-BC-4-4 0.0460 2.053 2.058 2.075 2.086 0.617 0.581 4.775 4.684 4.136 4.634 0.0938 60
I-BC-4-5 0.0460 2.047 2.089 2.075 2.105 0.571 0.609 4.736 4.767 4.1584.660 0.0938 118
I-BC-4-6 0.0460 2.056 2.087 2.095 2.070 0.590 0.609 4.721 4.738 4.154 4.638 0.0938 118
I-BC-5-1 0.0494 4.507 4.509 4.529 4.508 0.685 0.666 9.898 9.815 9.026 9.758 0.0938 40
I-BC-5-2 0.0489 4.545 4.500 4.525 4.529 0.678 0.664 9.856 9.871 9.050 9.766 0.0938 40
I-BC-5-3 0.0499 4.514 4.492 4.520 4.498 0.698 0.694 9.854 9.861 9.012 9.758 0.0938 72
I-BC-5-4 0.0500 4.530 4.494 4.534 4.571 0.679 0.697 9.850 9.832 9.064 9.741 0.0938 72
I-BC-5-5 0.0494 4.525 4.506 4.505 4.507 0.664 0.688 9.941 9.814 9.022 9.779 0.0938 130
I-BC-5-6 0.0494 4.518 4.510 4.500 4.535 0.681 0.675 9.884 9.948 9.032 9.817 0.0938 130
I-BC-6-1 0.0504 1.635 1.645 1. 650 1.635 0.573 0.682 2.514 2.535 3.282 2.424 0.0938 26
I-BC-6-2 0.0494 1.640 1.630 1.628 1.645 0.601 0.645 2.532 2.528 3.272 2.431 0.0938 26
I-BC-6-3 0.0494 1.638 1.677 1.645 1.607 0.617 0.673 2.480 2.504 3.284 2.393 0.0938 34
I-BC-6-4 0.0494 1.646 1.678 1.642 1.617 0.648 0.624 2.497 2.493 3.292 2.396 0.0938 34
I-BC-6-5 0.0494 1.654 1.654 1.621 1.627 0.611 0.659 2.566 2.555 3.278 2.462 0.0938 48
I-BC-6-6 0.0494 1.653 1.662 1, 648 1.617 0.595 0.651 2.502 2.559 3.290 2.432 0.0938 48
I-BC-8-1 0.0760 2.284 2.245 2.253 2.253 0.717 0.745 4.082 4.082 4.532 3.930 0.1250 28
I-BC-8-2 0.0760 2.258 2.269 2.281 2.281 0.729 0.731 4.072 4.096 4.546 3.932 0.1250 28
I-BC-8-3 0.0760 2.273 2.284 2.281 2.281 0.737 0.690 4.097 4.104 4.560 3.949 0.1250 42
I-BC-8-4 0.0760 2.236 2.272 2.277 2.277 0.703 0.742 4.000 4.088 4.528 3.892 0.1250 42
I-BC-8-5 0.0750 2.251 2.234 2.260 2.260 0.747 0.709 4.086 4.050 4.5043.918 0.1250 82





DIMENSIONS OF COMBINED WEB CRIPPLING AND BENDING TEST SPECIMENS
I-SECTIONS HAVING UNREINFORCED WEBS
.............. - ._-'J
Specimen Cross Section Dimensions (in.) Total
No. lengtht Bl B2 B3 B4 dl d2 D1 D2 BB h R (in. )
I-BC-9-1 0.0760 2.287 2.274 2.268 2.269 0.718 0.722 7.830 7.750 4.550 7.638 0.1250 52
I-BC-9-2 0.0760 :'.249 2.266 2.277 2.256 0.732 0.722 7.780 7.810 4.524 7.643 0.1250 52
I-BC-9-3 0.0760 2.261 2.277 2.254 2.248 0.712 0.738 7.796 7.796 4.520 7.644 0.1250 92
I-BC-9-4 0.0760 2.257 2.274 2.279 2.270 0.731 0.722 7.784 7.804 4.540 7.642 0.1250 92
I-BC-9-5 0.0750 2.271 2.259 2.273 2.284 0.716 0.723 7.750 7.744 4.544 7.597 0.1250 144
I-BC-9-6 0.0750 2.292 2.265 2.263 2.269 0.726 0.712 7.750 7.792 4.544 7.621 0.1250 144
I-BC-9-1 0.0500 3.476 3.524 3.494 3.529 0.611 0.626 7.384 7.325 7.012 7.255 0.0781 38
I-BC-9..!2 0.0510 3.490 3.535 3.504 3.525 0.624 0.618 7.396 7.317 7.028 7.255 0.0781 38
I-BC-913 0.0500 3.527 3.477 3.508 3.495 0.625 0.611 7.319 7.386 7.004 7.253 0.0781 68
I-BC-9..!4 0.0510 3.501 3.514 3.519 3.500 0.610 0.606 7.340 7.312 7.018 7.224 0.0781 68
I-BC-9..!5 0.0500 3.500 3.517 3.511 3.504 0.616 0.608 7.375 7.380 7.016 7.278 0.0781 144
I-BC-9..!6 0.0510 3.501 3.514 3.519 3.500 0.610 0.606 7.340 7.312 7.018 7.224 0.0781 144
I-BC-10-1 0.1070 2.350 2.350 2.325 2.337 0.858 0.865 5.500 5.480 4.682 5.276 0.1094 32
I-BC-10-2 0.1070 2.338 2.350 2.330 2.343 0.858 0.867 5.498 5.477 4.680 5.274 0.1094 32
I-BC-10-3 0.1060 2.328 2.342 2.334 2.335 0.870 0.856 5.471 5.495 4.670 5.271 0.1094 50
I-BC-I0-4 0.1070 2.344 2.338 2.320 2.345 0.863 0.861 5.462 5.507 4.674 5.271 0.1094 50
I-BC-I0-5 0.1070 2.341 2.339 2.354 2.332 0.854 0.855 5.493 5.500 4.684 5.283 0.1094 94
I-BC-I0-6 0.1065 2.335 2.324 2.337 2.357 0.879 0.867 5.481 5.428 4.616 5.242 0.1094 94
I-BC-13-1 0.1090 4.984 4.931 4.979 4.975 1.063 1.068 10.65 10.63 9.960 10.42 0.1250 60
I-BC-13-2 0.1070 4.950 5.000 4.985 4.989 1.035 1.034 10.68 10.74 9.962 10.50 0.1250 60
I-BC-13-3 0.1065 4.975 4.964 4.984 4.969 1.047 1.050 10.71 10.68 9.946 10.48 0.1250 80
I-BC-13-4 0.1080 4.982 4.993 4.991 4.979 1.051 1.039 10.66 10.75 9.972 10.49 0.1250 80
I-BC-13-5 0.1090 4.987 5.007 5.004 4.996 1.056 1.045 10.67 10.72 9.998 10.48 0.1250 108
I-BC-13-6 0.1070 4.975 4.990 4.994 4.978 1.038 L057 10.68 10.74 9.968 10.50 0.1250 108




PARAMETERS AND SECTIONAL PROPERTIES OF COMBINED WEB CRIPPLING AND BENDING TEST SPECIMENS
(I-SECTIONS HAVING UNREINFORCED WEBS)
Specimen Parameters and Sectional Properties
No. N (w/t)l· Fy Aw Sx 3 S' s"Nit hit R/t wit x x(in.) l.m (ksi) (in. 2) (in. ) (in. 3) (in 3)
I-BC-4-1 3 65.22 101.96 2.039 40.87 38.16 33.46 0.431 1.315 1.248 1.315
I-BC-4-2 3 64.52 99.98 2.017 40.43 38.16 33.46 0.432 1.326 1.252 1.326
I-BC-4-3 3 63.83 98.81 1.996 39.98 38.16 33.46 0.437 1.342 1.381 1.342
I-BC-4-4 3 65.22 100.74 2.036 40.63 38.16 33.46 0.426 1.303 1.346 1.303
I-BC-4-5 3 65.22 101.30 2.039 40.50 38.16 33.46 0.429 1.305 1.458 1.305
I-BC-4-6 3 65.22 100.83 2.039 40.70 38.16 33 46 0427 1 101 1 4')4 1 101
I-BC-5-1 3 60.73 197.53 1.899 87.23 36.35 36.88 0.964 5.462 4.957 5.678
I-BC-5-2 3 61.35 199.71 1.918 88.54 36.35 36.88 0.955 5.501 4.914 5.635
I-BC-5-3 3 60.12 195.55 1.880 86.46 36.35 36.88 0.974 5.604 5.750 5.752
I-BC-5-4 3 60.00 194.82 1.876 86.60 36.35 36.88 0.974 5.525 5.749 5.745
I-BC-5-5 3 60.73 197.96 1.899 87.19 36.35 36.88 0.966 5.464 6.315 5.695
I-BC-5-6 3 60.73 198.72 1.899 87.09 36 35 36 88 o .(HO ') ')01 n 1')') 5 743
I-BC-6-1 3 59.52 48.10 1.861 28.44 36.35 36.88 0.244 0.583 0.485 0.583
I-BC-6-2 3 60.73 49.21 1.899 28.96 36.35 36.88 0.240 0.576 0.478 0.576
I-BC-6-3 3 60.73 48.44 1.899 29.16 36.35 36.88 0.236 0.569 0.496 0.569
I-BC-6-4 3 60.73 48.50 1.899 29.24 36.35 36.88 0.237 0.574 0.500 0.574
I-BC-6-5 3 60.73 49.84 1.899 28.81 36.35 36.88 0.243 0.588 0.547 0.588
I-BC-6-6 3 60.73 49.23 1.899 29.36 36.35 36 88 o 240 o ')80 o "i1Q o "iRO
I-BC-8-1 3 39.47 51.71 1.645 25.54 33.43 43.60 0.597 1.843 1.637 1.843
I-BC-8-2 3 39.47 51. 74 1.645 25.71 33.43 43.60 0.598 1.843 1.638 1.843
I-BC-8-3 3 39.47 51.96 1.645 25.91 33.43 43.60 0.600 1.860 1. 798 1.860
I-BC-8-4 3 39.47 51.21 1.645 25.42 33.43 43.60 0.592 1.804 1. 750 1.804
I-BC-8-5 3 40.00 52.24 1.667 25.79 33.43 43.60 0.588 1.809 1.953 1.809





PARAMETERS AND SECTIONAL PROPERTIES OF COMBINED WEB CRIPPLING AND BENDING TEST SPECIMENS
I-SECTIONS HAVING UNREINFORCED WEBS
"" - - -- - -_. - - - -
Specimen Parameters and Sectional Properties
No. N Nit hit R/t wit (w/t)l' k' (~.2) :>x Sx :::ix(in.) ~m (k~i) (in. 3) (in. 3) (in 3)
I-BC-9-1 3 39.47 100.50 1.645 25.84 33.43 43.60 1.161 4.470 4.536 4.470
I-BC-9-2 3 39.47 100.57 1.645 25.59 33.43 43.60 1.162 4.462 4.533 4~462
I-BC-9-3 3 39.47 100.58 1.645 25.66 33.43 43.60 1.162 4.458 4.819 4.458
I-BC-9-4 3 39.47 100.55 1.645 25.70 33.43 43.60 1.162 4.469 4.828 4.469
I-BC-9-5 3 40,00 101.29 1.667 26,28 33.43 43.60 1.140 4.370 4.860 4.370
I-BC-9-6 3 40.00 101.61 1.667 26.17 33.43 43.60 1.143 4.404 4.896 4.404
I-BC-9-1 3 60.00 145.10 1.562 65.52 32.16 47.12 0.726 3.091 3.044 3.274
I-BC-9!.2 3 58.82 142.25 1.531 64.43 32.16 47.12 0.740 3.159 3.112 3.340
I-BC-9!.3 3 60.00 145.06 1.562 66.16 32.16 47.12 0.725 3.094 3.461 3.277
I-BC-9!.4 3 58.82 141. 65 1.531 64.65 32.16 47.12 0.737 3.124 3.914 3.300
I-BC-9!.5 3 60.00 145.56 1.562 66.00 32.16 47.12 0.728 3.109 3.877 3.294
I-BC-9!.6 3 58.82 141.65 1.531 64.65 32.16 47.12 0.737 3.129 3.914 3.316
I-BC-10-1 3 28.04 49.31 1.022 17.73 32.66 45.68 1.129 3.833 3.609 3.833
I-BC-10-2 3 28.04 49.29 1.022 17.76 32.66 45.68 1.129 4.027 3.796 4.027
I-BC-10-3 3 28.30 49.73 1.032 17.96 32.66 45.68 1.117 4.009 4.097 4.009
I-BC-10-4 3 28.04 49.26 1.022 17.68 32.66 45.68 1.128 3.823 3.911 3.823
I-BC-10-5 3 28.04 49.37 1.022 17.88 32.66 45.68 1.131 3.831 4.285 3.831
I-BC-10-6 3 28.17 49.22 1.027 17.92 32.66 45.68 1.117 3.779 4.223 3.779
I-BC-13-1 3 27.52 95.57 1.147 41.68 32.66 45.68 2.272 15.44 14.51 15.44
I-BC-13-2 3 28.04 98.13 1.168 42.26 32.66 45.68 2.247 15.24 14.40 15.24
I-BC-13-3 3 28.17 98.40 1.174 42.71 32.66 45.68 2.232 15.04 15.09 15.04
I-BC-13-4 3 27.78 97.13 1.157 42.13 32.66 45.68 2.266 15.47 15.46 15.47
I-BC-13-5 3 27.52 96.15 1.147 41.7.5 32.66 45.68 2.285 15.61 16.72 15.61





COMPARISON OF THE TESTEDAND~COMPUTED RESULTS FOR COMBINED BENDING AND WEB CRIPPLING
I-SECTIONS HAVING UNREINFORCED WEBS
Test Data, per web Computed Data, per web (M)test V (P)test c(l) D(2) Failure (3)Specimen No. (P)test (M)test .(Pu) comp (Mu)comp \Tu (M)comp
- (P' ) 1.18V V 1,32 Modes
kips inch-kips kips kips inch...:.kips kips u u camp
I-BC-4-1 2.025 14.68 1.013 2.653 20.88 3.183 0.703 0.318 0.763 0.990 1.007 WC
I-BC-4-2 1.940 14.07 0.970 2.701 20.95 3.313 0.671 0.293 0.718 0.941 0.954 WC I
I-BC-4-3 1.530 20.66 0.765 2.755 22.45 3.260 0.920 0.235 0.555 1.067 1.042 WC
I-BC-4-4 1.445 19.31 0.723 2.653 21. 80 3.054 0.885 0.237 0.545 1.032 1.009 WC
I-BC-4-5 0.830 23.24 0.415 2.653 21. 83 2.992 1.065 0.139 0.313 1.064 -- WC
I-BC-4-6 0.875 24.50 0.438 2.653 21. 77 3.005 1.125 0.146 0.330 1.124 -- WC
I-BC-5-1 2.590 22.02 1.295 3.124 58.64 2.193 0.376 0.591 0.829 -- -- vIC
I-BC-5-2 2.515 21.38 1.258 3.069 57.27 2.130 0.373 0.591 0.819 -- -- WC
I-BC-5-3 2.505 41.33 1.253 3.181 69.51 1.932 0.595 0.649 0.787 0.911 0.940 WC & WB
I-BC-5-4 2.470 40.76 1.235 3.192 69.20 1.946 0.589 0.635 0.774 0.899 0.927 WC & WB
I-BC-5-5 1. 785 55.34 0.893 3.124 67.34 1. 786 0.822 0.500 0.571 0.992 0.977 WC & WB
I-BC-5-6 1.640 50.84 0.820 3.124 67.61 1. 779 0.752 0.461 0.525 0.909 0.896 WC & WB
I-BC-9-1 5.810 66.82 2.905 7.056 97.45 8.859 0.686 0.328 0.823 1.007 1.031 WC
I-BC-9-2 5.785 66.53 2.893 7.056 97.27 8.855 0.684 0.327 0.820 1.004 1.028 WC
I-BC-9-3 4.040 86.86 2.020 7.056 97.18 8.371 0.894 0.241 0.572 1.053 1.033 we
I-BC-9-4 4.200 90.30 2.100 7.056 97.42 8.375 0.927 0.251 0.595 1.093 1.072 we
I-Be-9-5 2.675 92.29 1.338 6.886 95.27 7.982 0.969 0.168 0.388 1.022 -- we
I-BC-9-6 2.490 85.91 1.245 6.886 96.01 7.953 0.895 0.156 0.362 0.945 -- WC
I-BC-9'-1 3.315 26.52 1.658 3.331 57.68 2.833 0.460 0.585 0.995 -- -- WC
I-BC-9'-2 I 2.955 23.64 1. 478 3.450 59.29 3.004 0.399 0.492 0.856 -- -- we!
I-BC-9'-3 2.590 40.15 1.295 3.331 61.93 2.553 0.648 0.507 0.777 0.951 0.974 we
I-BC-9' -4 2.695 41. 77 1.348 3.450 64.11 2.721 0.652 0.495 0.781 0.956 0.979 WC
I-BC-9 '-5 1.630 56.24 0.815 3.331 62.24 2.466 0.904 0.330 0.489 1. 019 0.989 WC & WB
I-BC-9 '-6 1.600 55.20 0.800 3.450 64.10 2.636 0.861 0.303 o 464 0.970 0.941 we & WB
I-BC-13-1 13.87 187.2 6.935 13.87 331.4 19.68 0.565 0.352 1.000 -- 1.049 WC
I-BC-13-2 13.01 175.6 6.505 13.39 328.9 18.49 0.534 0.352 0.972 -- 1.008 we
I-BC-13-3 12.39 229.2 6.195 13.27 343.5 17.40 0.667 0.356 0.934 1.048 1.086 we
I-BC-13-4 l~ .62 215.0 5.810 13.63 353.3 18.13 0.608 0.320 0.852 0.956 0.990 we





COMPARISON OF THE TESTED AND COMPUTED RESULTS FOR COMBINED BENDING AND WEB CRIPPLING
I-SECTIONS HAVING UNREI~FOReED WEBS
(Continued)
Test Data, per web Computed Data, per web (N)test V (P) test e(l) D(2) Failure (3)
Specimen No. (P) test ~M)test V (1' u) comp (Mu)comp Vu (N ) V (P~)comp 1.18 1. 32 Modes




I-3-I.:'F-5 3.025 21.93 1.513 3.214 53.72 2.714 0.408 0.557 0.941 -- -- we
I-3-IOF-6 3.005 21.79 1.503 3.214 53.67 2.711 0.406 0.554 0.935 -- -- we
I-3'-IOF-1 1.810 11. 77 0.905 1. 939 33.36 2.351 0.353 0.385 0.933 -- -- we
I-3'-IOF-2 1.850 12.03 0.925 1.939 33.34 2.351 0.361 0.393 0.954 -- -- we
I-3'-IOF-5 2.100 13.65 1.050 2.653 33.61 2.339 0.406 0.449 0.791 -- -- we
I-3'-IOF-6 2.315 15.05 1.158 2.653 33.41 2.347 0.451 0.493 0.873 -- -- we
1-5'-IOF-5 4.155 31.16 2.078 4.611 64.26 5.021 0.485 0.414 0.901 -- -- we
I-5'-IOF-6 4.000 30.00 2.000 4.473 63.32 4.764 0.474 0.420 0.894 -- -- \ole
1-6-IOF-1 5.535 40.13 2.768 5.219 67.87 9.200 0.591 0.301 1.060 1.049
1.106 we
I-6-IOF-2 5.400 39.15 2.700 5.219 67.85 9.905 0.577 0.273 1.035
1.024 1.080 we
1-6-IOF-5 6.000 43.50 3.000 6.905 69.35 9.815 0.627 0.306 0.869
0.981 1.015 we
1-6-IOF-6 6.485 38.24 3.243 6.887 69.22 9.709 0.552 0.334 0.942 --
1.003 we
l-6-l0F-7 7.000 47.25 3.500 6.956 68.10 9.931 0.694 0.352 1.006
1.018 1.151 we
1-6-IOF-8 6.975 47.08 3.488 6.871 68.40 9.725 0.688 0.359 1.015
1.018 1.152 we
1-6"-IOF-5 2.155 14.01 1.078 2.653 39.47 2.349 0.355 0.459 0.812 -- -- we
1-6"-IOF-6 2.315 15.05 1.158 :2.653 38.40 2.342 0.392 0.494 0.873 -- -- we
1-12':'IOF-6 3.370 24.43 1.685 3.363 58.17 3.037 0.420 0.555 1.002 -- -- we
1-12'-IOF-5 12.07 72.42 6.035 13.63 96.75 15.19 0.749 0.397 0.885 1.092
1.117 we
1-12'-IOF-6 12.75 76.50 6.375 13.39 94.65 14.92 0.808 0.427 0.952
1.177 1.204 we
I-16-IOF-1 2.730 12.97 1.365 2.431 27.78 5.192 0.467 0.263 1.123 --
-- we
1-16-IOF-2 2.838 13.47 1.419 2.431 27.84 5.201 0.484 0.273 1.:1.'17 -- -- we
I-16-IOF-S 3.530 16.77 1. 765 3.247 27.14 5.092 0.618 0.347 1.087 1.086
1.143 we
1-16-IOF-: 3.900 15.42 1.950 3.363 27.51 5.719 0.561 0.341 1.160 --
1.146 we
I-U-17-IOF-5 2.565 14.11 1.283 3.062 33.66 3.979 0.420 0.322 0.838 -- -- we
I-U-17-IOF-6 2.500 13.75 1.250 3.062 33.59 3.953 0.409 0.316 0.816 -- -- we
1b-l-IOF 2.325 20.93 1.163 2.460 41.22 2.021 0.508 0.575 0.945 --
0.972 we
lc-l-IOF 2.600 23.40 1.300 2.740 41.22 2.021 0.568 0.643 0.949 --
1.020 we
2a-1-IOF 2.700 16.20 1.350 3.042 19.13 3.629 0.850 0.372 0.888 1.177
1.196 we
2b-1-IOF 3.250 8.125 1.625 3.042 19.13 3.629 0.425 0.448 1.068 -- -- we
2b-2-IOF 3.900 9.750 1.950 3.363 19.13 3.629 0.510 0.537 1.160 --
0.984 we
4b-l-IOF 4.350 17.40 2.175 4.160 39.05 5.675 0.445 0.383 1.046 --
-- we
5a-1-l0F 3.725 33.53 1.863 3.676 80.31 4.831 0.418 0.385 1.013 --
-- we





COMPARISON OF THE TESTED AND COMPUTED RESULTS FOR COMBINED BENDING AND WEB CRIPPLING
I-SECTIONS HAVING UNREINFORCED WEBS
(Continued)
(M) (M) (P) (P')\llien test/ u camp < 0.57 and/or test/ u comp < 0.29,
the ratio of C/1.18 is not given in the table.
(pT------ (M)
C = 0 61 test + test
. x (P I) (M )
u comp u comp
1.Notes:
Test Data, per web Computed Data, per web (M)test V (P) test C(l) D(2) Failure (3)Specimen No. ~l')test (M)test (Pu) camp (~)comp Vu (M ) - (P I) 1.18 1.32V V Modes
kips inch-kips kips kips inch-kips kips u comp u lJ comp
5e-1-IOF 4.650 41. 85 2.325 4.899 80.31 4.831 0.521 0.481 0.949 -- 1.020 WC
7a-1-IOF 5.700 51.30 2.850 5.235 100.6 8.855 0.510 0.322 1.089 -- 1.063 WC
7b-1-IOF 7.800 70.20 3.900 6.888 100.6 8.855 0.697 0.440 1.132 1.177 1.231 WC
8-1-IOF 6.750 60.75 3.375 6.297 113.5 8.918 0.535 0.378 1.072 -- 1.071 WC
12-1-IOF 15.70 62.80 7.850 13.02 143.3 16.02 0.438 0.490 1.206 -- -- WC
16a-i-IOF 2.245 18.52 1.123 2.121 33.79 2.050 0.548 0.548 1.058 -- 1.072 WC
16b-l-IOF 2.800 23.10 1.400 2.463 33.79 2.050 0.683 0.683 1.137 1.167 1. 224 WC
16e-I-IOF 3.250 26.81 1.625 2.740 33.79 2.050 0.793 0.793 1.186 1.286 1.338 WC
17a-1-IOF 5.830 52.47 2.915 5.276 87.22 8.936 0.602 0.326 1.105 1.081 1.143 WC
17b-l-IOF 7.630 68.67 3.815 6.301 87.22 8.936 0.787 0.427 1.211 1. 294 1. 349 WC
17e-1-IOF 7.240 65.16 3.620 7.014 87.22 8.936 0.747 0.405 1.032 1.173 1.207 WC
Mean 1.052 1.068
Standard deviation 0.095 0.101
~_ .. _. _. - _. - -
2.
(P) (M)
D = 0 82 test + test
• x (pI) (M )
u comp u camp
(M) (M) (P) (pI)\llien test/ u comp < 0.50 and/or test/ u comp < 0.39,
the ratio of D/l.32 is not given in the table.
3. Failure moJes are defined as follows:
WC - web crippling
WB - web buckling





COMPARISON OF THE TESTED AND COMPUTED RESULTS FOR COMBINED BENDING AND WEB CRIPPLING
I-SECTIONS HAVING UNREINFORCED WEBS
hit < 400/~ and wit < (w/t)l.
- y - 1m
Test Data, per web Computed Data, per web (M)test (P) test E(2) Failure(5)Specimen (P)test (M)test V (P~) comp (M ) V Vu comp u -No. (Mu)comp V (P~) comp 1. 38 Modeskips in.-kips kips kips in.-kips kips u
I-BC-6-1 1.890 9.450 0.945 3.237 8.943 2.597 1.056 0.364 0.584 -- WC & FY
I-BC-6-2 1.870 9.350 0.935 3.124 8.814 2.555 1.061 0.366 0.599 -- WC & FY
I-BC-6-3 1.405 9.835 0.703 3.124 9.146 2.513 1.075 0.280 0.450 -- WC & FY
I-BC-6-4 1.425 9.975 0.713 3.124 9.220 2.523 1.082 0.283 0.456 -- WC & FY
I-BC-6-5 1.015 10.66 0.508 3,124 10.09 2.587 1.056 0.196 0.325 -- WC & FY
I-BC-6-6 1.035 10.87 0.518 3.124 9.939 2.555 1.094 0.203 0.331 -- WC & FY
I-BC-8-1 6.755 37.15 3.378 7.055 35.69 7.514 1.041 0.450 0.958 1.413 WC & FY
I-BC-8-2 6.525 35.89 3.263 7.055 35.71 7.527 1.005 0.434 0.925 1.104 WC & FY
I-BC-8-3 5.005 45.05 2.503 7.055 39.20 7.552 1.149 0.331 0.709 1.121 WC & FY
I-BC-8-4 4.750 42.75 2.375 7,055 38.15 7.451 1.120 0.319 0.673 -- WC & FY
I-BC-8-5 2.545 48.36 1.273 6.886 39.44 7.401 1.226 0.172 0.370 -- WC & FY
I-BC-8-6 2.585 49.12 1.293 7.055 39.72 7.489 1.236 0.173 0.366 -- WC & FY
I-BC-10-1 11.50 74.75 5.750 13.39 82.45 14.89 0.907 0.386 0.859 1.006 WC
I-BC-10-2 12.07 78.46 6.035 13.39 86.70 14.89 0.905 0.405 0.901 1.022 WC
I-BC-10-3 9.645 106.1 4.823 13.15 91.59 14.73 1.159 0.327 0.734 1.137 WC & FY
I-BC-10-4 8.645 94.66 4.303 13.39 87.34 14.87 1.084 0.289 0.646 -- WC & FY
I-BC-10-5 5.065 111.4 2.533 13.39 87.52 14.91 1.273 0.170 0.378 -- WC & FY
I-BC-10-6 4.895 107.7 2.448 13.27 86.29 14.73 1.248 0.166 0.369 -- WC & FY
3-1-IOF 4.850 12.13 2.425 4.038 13.14 3.596 0.923 0.674 1.201 1.156 WC
3-2-IOF 4.800 12.00 2.400 3.825 13.14 3.596 0.913 0.667 1.255 1.171 WC
9b-1-IOF 10.30 25.75 5.150 9.346 35.56 7.226 0.724 0.712 1.102 -- WC
10a-1-IOF 9.600 38.40 4.800 9.973 75.80 11.19 0.506 0.429 0.963 -- WC
10a-2-IOF 12.00 48.00 6.000 10.86 75.80 11.19 0.633 0.536 1.105 -- WC I-'
10b-1-IOF 15.20 60.80 7.600 12.87 75.80 11.19 0.802 0.679 1.181 -- WC 1.0
"
13a-1-IOF 15.30 38.25 7.650 15.40 40.70 9.134 0.940 0.837 0.994 1.084 we
13b-l-IOF 15.10 37.75 7.550 16.69 40.70 9.134 0.927 0.826 0.905 1.039 we
TABLE 17(b)
COMPARISON OF THE TESTED AND COMPUTED RESULTS FOR COMBINED BENDING AND WEB CRIPPLING
I-SECTIONS HAVING UNREINFORCED WEBS
hit < 400/~ and wit < (w/t)l'
- y - 1m
(continued)
Test Data, per web Computed Data, per web (M)test (P)test E(2) Fai1ure(5)Specimen (P)test (M)test V (P~) comp (M ) V Vu comp u -No. (M) comp V (P~) comp 1,38 Modeskips in.-kips kips kips in.-kips kips u
14a-1-IOF 16.50 66.00 8.250 18.15 92.49 14.28 0.714 0.578 0.909
--
WC
14a-2-IOF 18.15 72.60 9.075 19.62 92.49 14.28 0.785 0.635 0.925
--
WC
14b-1-IOF 21.15 84.60 10.58 21.94 92.49 14.28 0.915 0.741 1.010 1.073 WC
15a-1-IOF 17.35 69.40 8.675 18.02 140.20 19.32 0.495 0.449 0.963
--
WC
15a-2-IOF 20.25 81.00 10.13 19.48 140.20 19.32 0.578 0.524 1.040
--
WC





(P)test (M)test (M) (M ) (P) (P '}Notes: 1. E = 0.56 (P~)comp + (Mu)comp . When testl u comp < 0.82 and/Qr . testl u comp < 0.68, theratio of E/1.38 is not given in the table.





COMPARISON OF THE TESTED AND COMPUTED RESULTS FOR COMBINED BENDING AND WEB CRIPPLING
:::-SECTIONS HAVING UNREINFORCED WEBS
(BASED ON THE AISI DESIGn CRITERIA FOR SINGLE, UNREINFORCED \VEB~~
Test Data Computed Data Ip) (1)
per Trleb per Neb \. test testSpecimen No. (D'. (M) CPu) AISI (Mu> AISI (v \ 1-1 \,LJ test test '-ul ..AISI \I'u! AISI
kips in-kips kips in-ki.ps
I-BC-4-1 2.0250 14.6800 2.9203 21.0640 0.6934 0.6970
I-BC-4-2 1.9400 14.0700 2.9739 21.1430 0.6523 0.6650
I-BC-4-3 1.5300 20.6600 3.0279 22.5220 0.5053 0.9170
I-BC-4-4 1.4450 19.3100 2.9203 22.0420 0.4948 0.8850
I-BC-4-5 0.8300 23.2400 2.9203 22.4340 0.2842 1.0360
I-BC-4-6 0.8750 24.5000 2.9203 22.3700 0.2996 1. 0950
I-BC-5-1 2.5900 22.0200 3.6294 57.4260 0.7136 0.3830*
I-BC-5-2 2.5150 21.3800 3.5677 55.9860 0.7049 0.3820*
I-BC-5-3 2.5050 41. 3300 3.6920 59.6640 0.6790 0.6930*
I-BC-5-4 2.4700 40.7600 3.7040 59.9440 0.6670 0.6800*
I-BC-5-5 1. 7850 55.3400 3.6290 57.0370 0.4920 0.9700*
I-BC-5-6 1.6400 50.8400 3.6290 57.3920 0.4520 0.8860*
I-BC-9-1 5.8100 66.8200 8.9197 97.9440 0.6514 0.6820
I-BC-9-2 5.7850 66.5300 8.9197 98.5210 0.6486 0.6750
I-BC-9-3 4.0400 86.8600 8.9197 98.8010 0.4529 0.8790
I-BC-9-4 4.2000 90.3000 8.9197 98.8300 0.4709 0.9140
I-BC-9-5 2.6750 92.2900 8.7198 96.8140 0.3068 0.9530
I-BC-9-6 2.4900 85.9100 8.7198 96.6790 0.2856 0.8890
I-BC-9'-1 3.3150 26·5200 4.7325 61.3140 0.7005 o .4330
I-BC-9'-2 2.9550 23.6400 4.8933 65.0720 0.6039 0.3630
I-BC-9'-3 2.5900 40.1500 4.7325 61. 3660 0.5473 0.6540
I-BC-9'-4 2.6950 41. 7700 4.8933 65.3660 0.5507 0.6390 t-'
'"I-BC-9'-5 1.6300 56.2400 4.7325 61.6650 0.3444 0.9120 '"
I-BC-9'-6 1.6000 55.2000 4.8933 65.3660 0.3270 o .8440
---_.._------
TABLE 17(c)
COMPARISON OF THE TESTED AND CO~~UTED RESuLTS FOR COMBINED BENDING fu~D WEB CRIPPLING
I-SECTIONS HAVING UNREINFORCED WEBS
(BASED ON THE AISI DESIGn CRITERIA FOR SIHGLE, UNREINFORCED ~.,rEBS)
(cant'd)
Test Data Computed Data (P)test (11)
?er web per -Neb testSpecimen No. (D' rM\ 'p ) (Mu )AISI (Pu )AISI (H )A-S~,< )::es t \' J test ~ u AISI u .1.. L
kips in-kips kips in-kips
I-BC-13-1 13.8700 187.2000 17.3944 325.1000 0.7974 0.5760
I-BC-13-2 13.0100 175.6000 16.8449 321.3120 0.7723 0.5470
I-BC-13-3 12.3900 229.2000 16.7088 341.3460 0.7415 0.6720
I-BC-13-4 11.6200 215.0000 17.1187 347.0560 0.6788 0.6190
I-BC-13-5 10.4900 267.3999 17.3944 335.9970 0.6031 0.7510
I-BC-13-6 10.5000 267.8000 16.8449 347.4650 0.6233 0.7710
1-3-IOF-5 3.0250 21. 9300 4.5740 49.1280 0.6613 0.4460
1-3-IOF-6 3.0050 21.7900 4.5740 49.0780 0.6570 0.4440
1-3'-IQF-1 1.8100 11.7700 2.1349 34.7400 0.8478 0.3390
1-3'-IOF-2 1. 8500 12.0300 2.1349 34.7300 0.8666 0.3460
1-3'-IOF-5 2.1000 13.6500 2.9203 35.0210 0.7191 0.3900
1-3' -IOF-6 2.3150 15.0500 2.9203 34.8070 0.7927 0.4320
1-5'-1OF-5 4.1550 31.1600 6.4442 65.5890 0.6448 0.4750
1-5'-1OF-6 4.0000 30.0000 6.2630 64.5870 0.6387 0.4640
1-6-1OF-l 5.5350 40.1300 6.5081 74.1490 0.8505 0.5410
1-6-1OF-2 5.4000 39.1500 6.5081 74.2600 0.8297 0.5270
1-6-IOF-5 6.0000 43.5000 8.6110 76.0380 0.6968 0.5720
I-6-1OF-6 6.4850 38.2400 8.5914 73.5290 0.7548 0.5290
I-6-1OF-7 7.0000 47.2500 8.6698 75.3000 0.807& 0.6270
1-6-1OF-8 6.9750 47.0800 8.5718 74.9470 0.8137 0.6280
1:-6' '-1OF-5 2.1550 14.0100 2.9203 39.6950 0.7379 0.3530 N
1-6"-1OF-6 38.5450 0.3900
0
2.3150 15.0500 2.9203 0.7927 0
1-12-1OF-6 3.3700 24.4300 5.5860 47.5100 0.6033 0.5140
1-12' -1OF-5 12.0700 72.4200 17.1187 96.6810 0.7051 0.7490
1-12'-1OF-6 12.7500 76.5000 16.8449 94.5950 0.7569 0.8090
-_....__._--
TABLE 17(c)
COMPARISON OF THE TESTED .~D CO~WUTED RESULTS FOR COMBINED BENDING AND HEB CRIPPLING
I-SECTIONS llAVING UNREINFORCED WEBS
(BASED ON TIlE AISI DESIGN CRITERIA FOR SINGLE, UNREINFORCED WEBS)
(cont'd)
Test Data Computed Data (P\est (M)test
Specimen No. per web per web(P) test (M)test (Pu )AISI (M) AISI (P)AISI (M) AISI
kips in-kips kips in-kips
1-16-IOF-1 2.7300 12.9700 4.0416 28.0290 0.6755 0.4630
1-16-IOF-2 2.8380 13.4700 4.0416 28.086u 0.7022 0.4800
I-16-IOF-5 3.5300 16.7700 5.4024 27.3620 0.6534 0.6130
I-16-IOF-6 3.9000 15.4200 5.5860 26.4270 0.6982 0.5900
I-U-17-IOF-5 2.5650 14.1100 3.5198 33.6090 0.7287 0.4200
I-U-17-IOF-6 2.5000 13.7500 3.5198 33.6370 0.7103 0.4090
1B-1-IOF 2.3250 20.9300 2.6545 44.5740 0.8759 0.4690*
1C-1-IOF 2.6000 23.4000 2.9540 44.5470 0.8800 0.5250*
2A-1-IOF 2.7000 16.2000 3.1000 19.9960 0.8710 0.8100
2B-I-IOF 3.2500 8.1250 3.1000 14.7860 1.0480 0.5500
2B-2-IOF 3.9000 9.7500 3.4270 14.7860 1.1380 0.6590
4B-1-IOF 4.3500 17.4000 4.235 33.0940 1.0270 0.5260
5A-1-IOF 3.7250 33.5300 4.2627 65.3440 0.8739 0.5131
5B-1-IOF 4.1000 36.9000 5.1348 65.3440 0.7985 0.5647
5C-1-IOF 4.6500 41.8500 5.6803 65.3440 0.8186 0.6405
7A-1-IOF 5.7000 51.3000 5.7193 95.0130 0.9966 0.5400
7B-1-lOF 7.8000 70.2000 7.5255 95.0130 1.0365 0.7390
8-1-IOF 6.7500 60.7500 6.8775 103.6100 0.9815 0.5860
12-1-IOF 15.7000 62.8000 13.5483 110.1990 1.1588 0.5700
16A-1-IOF 2.2450 18.5200 2.2865 47.9670 0.9818 0.3860*




COMPARISON OF THE TESTED AND COMPUTED RESULTS FOR COMBINED BENDING AND WEB CRIPPLING
I-SECTIONS HAVING UNREINFORCED WEBS
(BASED ON THE AISI DESIGN CRITERIA FOR SINGLE, UNREINFORCED WEBS)
(cont'd)
Test Data Computed Data (P)test (M)test
Spec.imen No. per web per web
(P)test (M)test (Pu)AISI (Mu)AISI (Pu )AISI (M) AISI
kips in-kips kips in-kips
16C-1-IOF 3.2500 26.8100 2.9540 47.9670 1.1000 0.5590*
17A-1-IOF 5.8300 52.4700 5.7596 94.8510 1.0122 0.5530
17B-1-IOF 7.6300 68.6700 6.8775 94.8510 1.1094 0.7240
17C-1-IOF 7.2400 65.1600 7.5767 94.8510 0.9556 0.6870
I-BC-6-1 1.8900 9.4500 3.7542 9.1760 0.5034 1.0300
I-BC-6-2 1. 8700 9.3500 3.6294 9.0470 0.5152 1.0330
I-BC-6-3 1.4050 9.8350 3.6294 9.5410 0.3871 1 .0310
I-BC-6-4 1.4250 9.9750 3.6294 9.6030 0.3926 1.0390
I-BC-6-5 1.0150 10.6600 3.6294 10.1120 0.2797 1.0540
I-BC-6-6 1.0350 10.8700 3.6294 9.8070 0.2852 1.1080
I-BC-8-1 0.7550 37.1500 8.9197 35.9570 0.7573 1.0330
I-BC-8-2 0.5250 35.8900 8.9197 35.9870 0.7315 0.9970
I-BC-8-3 5.0050 45.0500 8.9197 40.7580 0.5611 1.1050
I-BC-8-4 4.7500 42.7500 8.9197 39.7340 0.5325 1.0760
I-BC-8-5 2.5450 48.3600 8.9197 40.8500 0.2853 1.1840
I-BC-8-6 2.5850 49.1200 8.7198 40.9520 0.2965 1.1990
I-BC-10-1 11.5000 74.7500 16.8449 83.8440 0.6827 0.8920
I-BC-10-2 12.0700 78.4600 16.8449 83.7440 0.7165 0.9370
I-BC-10-3 9.6450 106.1000 16.5731 90.7970 0.5820 1.1680
I-BC-I0-4 8.6450 94.6600 16.8449 91.3080 0.5132 1. 0410
I-nC-I0-5 5.0650 111.4000 16.8449 92.2380 0.3007 1.2080 N
I-BC-10-6 4.8950 107.7000 16.7088 90.4330 0.2930 1.1910 0N
3-1-IOF 4.8500 12.1300 4.3173 13.7450 1.1234 0.8820
3-2-IOF 4.8000 12.0000 3.9005 13.7450 1. 2306 0.8730
TABLE 17(c)
COMPARISON OF THE TESTED AND COMPUTED RESULTS FOR COMBINED BENDING ~~ WEB CRIPPLING
I-SECTIONS HAVING UNREINFORCED WEBS
















Te~t Data Computed Data (P)test (M)test
per web per web
(P)test (N) (P) AISI (N) AISI (Pu)AISI (Mu )AlSItest
kips in-kips kips in-kips
10.3000 25.7500 9.5991 29.9810 1.0730 0.8590
9.6000 38.4000 10.2239 65.7900 0.9390 0.5840
12.0000 48.0000 11.1364 65.7900 1.0775 0.7300
15.2000 60.8000 13.1961 65.7900 1.1519 0.9240
15.3000 38.2500 15.3482 38.4080 0.9969 0.9960
15.1000 37.7500 16.6301 38.4080 0.9080 0.9830
16.5000 66.0000 16.9585 84.4270 0.9730 0.7820
18.1500 72 .6000 18.3323 84.4270 0.9901 0.8600
21.1500 84.6000 20.5108 84.4270 1.0312 1. 0020
17.3500 69.4000 16.8543 84.4270 1. 0294 0.5440
20.2500 81. 0000 18.2211 127.6030 1.1114 0.6350





INFORMATION REQUIRED FOR A STUDY OF THE EFFECT OF SHEAR ON WEB CRIPPLING LOAD
I-SECTIONS HAVING UNREINFORCED WEBS
Reduced Web Crippling
Specimen No. (Pu) test (P~) comp V (M)test Load, per web (Pu) test (P) test-V (PU)R3 (Pu)R4(kips) (kips) u (M ) (P)R3 (P)R4u comp (kips) (kips)
I-BC-4-1 2.025 2.653 0.318 0.703 2.074 1.862 0.976 1.088
I-BC-4-2 1.940 2.701 0.293 0.671 2.251 1.997 0.862 0.971
I-BC-4-3 1.530 2.755 0.235 0.920 1.173 1.255 1.304 1.219
I-BC-4-4 1.445 2.653 0.237 0.886 1.280 1.404 1.129 1.029
I-BC-4-5 0.830 2.653 0.139 1.065 0.502 0.770 1.653 1.078
I-BC-4-6 0.875 2.653 0.146 1.125 0.238 0.589 -(1) -(1)
I-BC-5-1 2.590 3.124 0.591 0.376 4.120 3.393 0.629 0.763
I-BC-5-2 2.515 3.069 0.591 0.373 4.059 3.342 0.620 0.753
I-BC-5-3 2.505 3.181 0.649 0.595 3.053 2.653 0.821 0.944
I-BC-5-4 2.470 3.192 0.635 0.589 3.093 2.685 0.799 0.920
I-BC-5-5 1.785 3.124 0.500 0.822 1.835 1. 790 0.973 0.997
I-BC-5-6 1.640 3.124 0.461 0.752 2.192 2.041 0.748 0.804
I-BC-9-1 5.810 7.056 0.328 0.686 5.718 5.309 1.016 1.094
I-BC-9-2 5.785 7.056 0.327 0.684 5.738 5.325 1.008 1.086
I-BC-9-3 4.040 7.056 0.241 0.894 3.311 3.567 1.220 1.133
I-BC-9-4 4.200 7.056 0.251 0.927 2.928 3.291 1.435 1.276
I-BC-9-5 2.675 6.886 0.168 0.969 2.385 2.868 1.122 1.192
I-BC-9-6 2.490 6.886 0.156 0.895 3.220 3.473 0.773 0.717
I-BC-9'-1 3.315 3.331 0.585 0.460 3.933 3.420 0.843 0.969
I-BC-9'-2 2.955 3.450 0.492 0.399 4.419 3.794 10.669 0.779
I-BC-9'-3 2.590 3.331 0.507 0.648 2.903 2.672 10.892 0.969
I-BC-9'-4 2.695 3.450 0.495 0.652 2.989 2.752 '0.902 0.979
I-BC-9'-5 1.630 3.331 0.330 0.904 1.059 1.654 1.080 0.985
I-BC-9'-6 1.600 3.450 0.303 0.861 1.083 1.891 0.887 0.846
I-BC-13-1 13.87 13.87 0.352 0.565 13.987 12.651 0.992 1.096
I-BC-13-2 13.01 13.39 0.352 0.534 14.182 12.710 0.917 1.024
I-BC-13-3 12.39 13.27 0.356 0.667 11.154 N10.464 1.111 1.184 0
.J::"-I-BC-13-4 11.62 13.63 0.320 0.608 12.769 11.722 0.910 0.991
I-BC-13-5 10.49 13.87 0.289 0.750 9.776 9.551 1.073 1.098
I-BC-13-6 10.50 13.39 0.306 0.768 9.025 8.926 1.164 1.176
1-3-IOF-5 3.025 3.214 0.557 0.408 4.066 3.498 0.744 0.865
I-3-IOF-6 3.005 3.214 0.554 lJ.406 ~_.Q7~ 3.506 0.737 0.857
TABLE 18(a)
INFORMATION REQUIRED FOR A STUDY OF THE EFFECT OF SHEAR ON WEB CRIPPLING LOAD
I-SECTIONS HAVING UNREINFORCED WEBS
(continued)
Reduced Web Crippling
Specimen No. (Pu) test (P~) comp V (M)test Load, per web (Pu) test (Pu) test-
(kips) (kips) V (M) comp (Pu)R3 (Pu)R4 (Pu)R3 (P)RLu (kips) (kips)
I-3'-IOF-1 1. 810 1. 939 0.385 0.353 2.629 2.287 0.688 0.792
I-3'-IOF-2 1.850 1. 939 0.393 0.361 2.604 2.268 0.711 0.816
I-3'-IOF-5 2.100 2.653 0.449 0.406 3.366 2.957 0.624 0.710
I-3'-IOF-6 2.315 2.653 0.493 0.451 3.173 2.812 0.730 0.823
I-5'-IOF-5 4.155 4.611 0.414 0.485 5.254 4.611 0.791 0.901
I-5'-IOF-6 4.000 4.473 0.420 0.474 5.179 4.532 0.772 0.883
I-6-IOF-1 5.535 5.219 0.301 0.591 5.037 4.501 1.099 1.230
I-6-IOF-2 5.400 5.219 0.273 0.577 5.159 4.588 1.047 1.177
I-6-IOF-5 6.000 6.905 0.306 0.627 6.257 5.661 0.959 1.060
I-6-IOF-6 6.485 6.887 0.334 0.552 7.085 6.268 0.915 1.035
I-6-IOF-7 7.000 6.956 0.352 0.694 5.544 5.152 1. 263 1.359
I-6-IOF-8 6.975 6.871 0.359 0.688 5.538 5.138 1.259 1.358
I-6"-IOF-5 2.155 2.653 0.459 0.355 3.588 3.122 0.601 0.690
I-6"IOF-6 2.315 2.653 0.494 0.392 3.428 3.002 0.675 0.771
1-12 -IOF-6 3.370 3.363 0.555 0.420 4.190 3.736 0.804 0.902
I-12'-IOF-6 12.07 13.63 0.397 0.749 9.641 9.401 1.252 1.284
I-12'-IOF-5 12.75 13.39 0.427 0.808 8.160 8.279 1.562 1.540
I-16-IOF-1 2.730 2.431 0.263 0.467 2.842 2.560 0.961 1.066
I-16-IOF-2 2.838 2.431 0.273 0.484 2.774 2.509 1.023 1.131
I-16-IOF-5 3.530 3.247 0.347 0.618 2.992 2.813 1.180 1.255
I-16-IOF-6 3.900 3.363 0.341 0.561 3.415 3.152 1.142 1.237
I-U-17-IOF-5 2.565 3.062 0.322 0.420 3.819 3.164 0.672 0.811
I-U-17-IOF-6 2.500 3.062 0.316 0.409 3.868 3.203 0.646 0.781
Ib-l-IOF 2.325 2.460 0.575 0.508 2.711 2.269 0.858 1.025
lc-1-IOF 2.600 2.740 0.643 0.568 2.750 2.338 0.945 1.112
2a-l-IOF 2.700 3.042 0.372 0.850 1.661 1.622 1.625 1.665 N2b-l-IOF 3.250 3.042 0.448 0.425 3.767 3.088 0.863 1.052 0VI2b-2-IOF 3.900 3.363 0.537 0.510 3.696 3.089 1.055 1.263
4b-1-IOF 4.350 4.160 0.383 0.445 5.009 4.130 0.869 1.053
5a-1-IOF 3.725 3.676 0.385 0.418 4.595 3.842 0.811 0.970
5b-l-IOF 4.100 4.428 0.424 0.459 5.230 4.417 0.784 0.928
5c-l-10F 4.650 4.899 0.481 0.521 5.292 4.535 0.879 1.025
TABLE 18(a)
INFORMATION REQUIRED FOR A STUDY OF THE EFFECT OF SHEAR ON WEB CRIPPLING LOAD
I-SECTIONS HAVING UNREINFORCED WEBS
(continued)
Reduced Web Crippling
Specimen No. (Pu) test (P~) comp V (M)test Load, per web (P) test-V (Pu)R3 (Pu)R4(kips) (kips) u (Mu)comp (Pu)R3(kips) (kips)
7a-1-IOF 5.700 5.235 0.322 0.510 5.750 4.903 0.991
7b-1-IOF 7.800 6.888 0.440 0.697 5.445 4.962 1.433
8-1-IOF 6.750 6.297 0.378 0.535 6.656 5.717 1.014
12-1-IOF 15.70 13.020 0.490 0.438 15.832 13.424 0.992
16a-1-IOF 2.245 2.121 0.548 0.548 2.197 1.858 1.022
16b-1-IOF 2.800 2.463 0.683 0.683 2.004 1. 780 1. 397
16c-1-IOF 3.250 2.740 0.793 0.793 1. 736 1.559 -(1)
17a-1-IOF 5.830 5.275 0.326 0.602 5.002 4.380 1.166
17b-1-IOF 7.630 6.298 0.427 0.787 4.054 3.882 -(1)

















Notes: 1. Not included in the calculations of the mean value and standard deviation because the
ratio to (P) j(P )R3 and (P)t j(P )R4 are excessively large.test u est u
2. The reduced web crippling loads were computed by considering the effects of bending moments
as follows:
(pu) R3
M (P~)comp ( )(1.18 - Ml) 0.61; Pu R4
u
(P' )








INFORMATION REQUIRED FOR A STUDY OF THE EFFECT OF SHEAR ON WEB CRIPPLING LOAD
I-SECTIONS HAVING UNREINFORCED WEBS
h/t ~ 400/~ and w/t ~ (w/t)lim
Reduced Web Crippling
Specimen (P) tes ,- (P~) camp V (M)test Load, per web (P) test
-No. V (Pu)R5(kips) (kips) u
. (M) camp (Pu)R5(kips)
I-BC-6-1 1.890 3.237 0.364 1.056 1.869 1.011
I-BC-6-2 1.870 3.124 0.366 1.061 1. 781 1.050
I-BC-6-3 1.405 3.124 0.280 1.075 1.700 0.827
I-BC-6-4 1.425 3.124 0.283 1.082 1.663 0.857
I-BC-6-5 1.015 3.124 0.196 1.056 1.805 0.562
I-BC-6-6 1.035 3.124 0.203 1.094 1.597 0.648
I-BC-8-1 6.755 7.055 0.450 1.041 4.272 1.581
I-BC-8-2 6.525 7.055 0.434 1.005 4.724 1.381
I-BC-8-3 5.005 7.055 0.331 1.149 2.907 -(1)
I-BC-8-4 4.750 7.055 0.319 1.120 3.268 1.453
I-BC-8-5 2.545 6.886 0.172 1.226 1.892 1.345
I-BC-8-6 2.585 7.055 0.173 1.236 1.806 1.431
I-BC-10-1 11.50 13.39 0.386 0.907 11.319 1.016
I-BC-10-2 12.07 13.39 0.405 0.905 11. 359 1.063
I-BC-10-3 9.645 13.15 0.327 1.159 5.203 -(1)
I-BC-10-4 8.605 13.39 0.289 1.084 7.082 1.221
I-BC-10-5 5.065 13.39 0.170 1.273 2.562 -(1)
I-BC-10-6 4.895 13.27 0.166 1.248 3.125 1. 566
3-1-IOF 4.850 4.038 0.674 0.923 3.294 1.472
3-2-IOF 4.800 3.825 0.667 0.913 3.188 1.506
9b-1-IOF 10.30 9.346 0.712 0.724 10.946 0.941
10a-1-IOF 9.600 9.973 0.429 0.506 15.554 0.617 N
10a-2-IOF 12.00 10.86 0.536 0.633 14.482 0.829 0'-I
10b-l-IOF 15.20 12.87 0.679 0.802 13.281 1.145
TABLE 18(b)
INFORMATION REQUIRED FOR A STUDY OF THE EFFECT OF SHEAR ON WEB CRIPPLING LOAD
I-SECTIONS HAVING UNREINFORCED WEBS
hit < 400/~ and wit < (w/t)l.
- y - ~m
(continued)
Reduced Web Crippling
Specimen (P) test (P~) comp V (M)test Load, per web (P) test
- (Pu)R5No. (kips) (kips) V (M ) (P)R5u u comp (kips)
l3a-1-IOF 15.30 15.40 0.837 0.940 12.105 1.264
l3b-1-IOF 15.10 16.69 0.826 0.927 13.486 1.120
14a-1-IOF 16.50 18.15 0.578 0.714 21. 599 0.764
14a-2-IOF 18.15 19.62 0.635 0.785 20.848 0.871
14b-1-IOF 21.15 21.94 0.741 0.915 18.230 1.215
15a-1-IOF 17.35 18.02 0.449 0.495 28.478 0.609
15a-2-IOF 20.25 19.48 0.524 0.578 27.907 0.726
l5b-1-IOF 21.15 21.80 0.547 0.618 29.676 0.713
Mean 1.062
Standard Deviation 0.250
Notes: 1. Specimens I-BC-8-3 and I-BC-10-3 are not included in the calculations of mean and
standard deviation, because the ratio of (P) /(P)R5 is excessively large.test u
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DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS
SINGLE UNREINFORCED WEBS USING LONG BEARING LENGTHS
END ONE-FLANGE LOADING
(BEAMS HAVING STIFFENED FLANGES)
Specimen Cross Section Dimensions (in.) Total
No. t B1 B2 B3 B4 d1 d2 D1 D2 BB h R Length(in .)
SU-13-EOF-1 0.052 1.802 1.755 1. 789 1.792 0.611 0.600 4.029 4.029 7 3.925 0.0625 26
SU-13-EOF-2 0.051 1. 775 1.791 1.800 1. 797 0.606 0.600 4.035 4.025 7 3.928 0.0625 26
SU-4'-EOF-1 0.0497 1.625 1.644 1.615 1.628 0.635 0.628 4.905 4.918 7 4.812 0.0625 30
SU-4'-EOF-2 0.0507 1.619 1.637 1. 651 1.636 0.629 0.632 4.910 4.909 7 4.808 0.0625 30
SU-2'-EOF-1 0.0497 1.631 1.635 1. 637 1.635 0.644 0.630 7.361 7.300 7 7.231 0.0938 40
SU-2'-EOF-2 0.0497 1.621 1.622 1.655 1.650 0.654 0.610 7.372 7.368 7 7.271 0.0938 40
SU-3-EOF-l 0.0497 1.621 1.622 1. 658 1.658 0.663 0.619 9.779 9.784 7 9.682 0.0938 48
SU-3-EOF-2 0.0497 1.632 1.637 1.650 1.625 0.627 0.647 9.800 9.785 7 9.693 0.0938 48
For designation of symbols, see Fig. 9. Ni-'
0
TABLE 19 (c)
DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS
SINGLE UNREINFORCED WEBS USING LONG BEARING LENGTHS
END ONE-FLANGE LOADING
(BEAMS HAVING UNSTIFFENED FLANGES)
Specimen Cross Section Dimensions (in.) TotalNo. t B1 B2 B3 B4 d1 d2 D1 D2 BB h R I...ength(in. )
U-SU-4-EOF-1 0.0500 1.450 1.427 1.389 1.381 -- -- 4.912 4.920 7 4.816 0.047 30
U-SU-4-EOF-2 0.0490 1.392 1.384 1.381 1.432 -- -- 4.955 4.900 7 4.829 0.047 30
U-SU-5-EOF-1 0.0485 1. 750 1. 722 1. 730 1. 766 -- -- 7.278 7.285 7 7.184 0.0625 34
U-SU-5-EOF-2 0.0490 1. 733 1. 722 1. 726 1. 755 -- -- 7.287 7.300 7 7.195 0.0625 34
U-SU-9-EOF-1 0.0505 1.185 1.249 1.330 1.233
-- --
7.272 7.257 7 7.163 0.0781 34
U-SU-9-EOF-2 0.0510 1.193 1.282 1.325 1. 247 -- -- 7.273 7.261 7 7.165 0.0781 34
U-SU-10-EOF-1 0.0510 1.825 1. 773 1.850 1.872 -- -- 9.510 9.510 7 9.408 0.0781 38
U-SU-10-EOF-2 0.0510 1. 756 1.871 1.900 1. 741 -- -- 9.500 9.500 7 9.390 0.0781 38
U-SU-3-EOF-1 0.0500 0.615 0.604 0.614 0.620 -- -- 9.628 9.657 7 9.542 0.0625 38
U-SU-3-EOF-2 0.0500 0.618 0.596 0.612 0.594 -- -- 9.635 9.643 7 9.539 0.0625 38 r-;
.-
""""'
For designation of symbols, see Fig. 11.
TABLE 20(a)
PARAMETERS AND SECTIONAL PROPERTIES OF SPECIMENS FOR WEB CRIPPLING TESTS
SINGLE UNREINFORCED WEBS USING LONG BEARING LENGTHS
INTERIOR ONE-FLANGE LOADING
(BEAMS HAVING STIFFENED FLANGES)
Specimen Parameters and Sectional PropertiesN Nit hit Rlt wit (w/t)l" Fy Aw Sx s;" - S~No. (in. ) 1m ksi in. 2 in. 3 in. 3 in. 3
SU-13-IOF-1 4 78.43 77.76 1.225 31.20 30.10 53.79 0.202 0.539 0.503 0.544
SU-13-IOF-2 4 78.43 77.84 1.225 31.40 30.10 53.79 0.202 0.540 0.504 0.545
SU-13-IOF-3 7 140.0 78.64 1.250 32.04 30.10 53.79 0.197 0.520 0.497 0.529
SU-13-IOF-4 7 140.0 78.68 1.250 31.96 30.10 53.79 0.197 0.519 0.496 0.527
SU-13-IOF-5 3 61.22 80.14 1.275 32.86 30.10 53.79 0.192 0.506 0.478 0.518
SU-13-IOF-6 3 60.00 78.32 1.250 31.81 30.10 58.79 0.196 0.517 0.484 0.524
SU-13-IOF-7 3 60.00 78.30 1.250 31.99 30.10 53.79 0.196 0.518 0.462 0.526
SU-13-IOF-8 3 58.82 77 .02 1.225 33.18 30.10 53.79 0.200 0.532 0.472 0.535
SU-4-IOF-1 4 86.95 101. 7 1.358 40.81 38.16 33.46 0.215 0.660 0.605 0.670
SU-4-IOF-2 4 85.11 99.49 1.330 40.34 38.16 33.46 0.220 0.675 0.618 0.684
SU-4-IOF-3 7 148.9 98.83 1.330 40.27 38.16 33.46 0.218 0.671 0.626 0.680
SU-4-IOF-4 7 148.9 97.76 1.330 39.90 38.16 33.46 0.216 0.661 0.615 0.668
SU-2-IOF-1 6 122.5 125.2 1. 275 36.40 32.16 47.12 0.301 0.962 0.942 0.989
SU-2-IOF-2 6 120.0 122.8 1.250 35.45 32.16 47.12 0.307 0.985 0.960 1.006
SU-2'-IOF-1 7 140.8 146.4 1.887 29.07 36.35 36.88 0.362 1.154 1.162 1.154
SU-2'-IOF-2 7 143.7 149.3 1.926 29.60 36.35 36.88 0.354 1.132 1.139 1.132
SU-2'-IOF-3 3 60.36 145.4 1.887 28.91 36.35 36.88 0.359 1.145 1.144 1.145
SU-2'-IOF-4 3 59.17 142.9 1.850 28.26 36.35 36.88 0.367 1.168 1.165 1.168
SU-2'-IOF-5 3 59.17 143.0 1.850 28.93 36.35 36.88 0.360 1.169 1.117 1.169
SU-2'-IOF-6 3 59.17 143.4 1.850 28.67 36.35 36.88 0.361 L170 1.118 L170
SU-3-IOF-1 6 120.7 194.7 1. 887 29.32 36.35 36.88 0.481 1. 751 1. 783 1. 751
SU-3-IOF-2 6 120.7 195.2 1. 887 18.87 36.35 36.88 0.482 1. 749 1. 783 1. 749 N
f-'
N
For definitions of S , S' and S", see Table 4(a).
x x x
TABLE 20(b)
PARAMETERS AND SECTIONAL PROPERTIES OF SPECIMENS FOR WEB CRIPPLING TESTS
SINGLE UNREINFORCED WEBS USING LONG BEARING LENGTHS
END ONE-FLANGE LOADING
(BEAMS HAVING STIFFENED FLANGES)
Specimen Parameters and Sectional PropertiesN F A S S' S"No. (in.) Nit hit Rlt wit (w/t)l· y w2 x3 . x3 x3l.m ksi in. in. l.n. in.
SU-13-EOF-1 4 76.92 75.48 1.201 -- -- 53.79 0.204
SU-13-EOF-2 4 78.43 77 .02 1.225 -- -- 53.79 0.200
SU-4'-EOF-1 4.25 85.51 96.82 1. 257 -- -- 36.88 0.239
SU-4'-EOF-2 4.25 83.83 94.83 1.233 -- -- 36.88 0.244
SU-2'-EOF-1 6 120.7 145.5 1.887 -- -- 36.88 0.360
SU-2'-EOF-2 6 120.7 146.3 1.887 -- -- 36.88 0.361
SU-3-EOF-1 7 140.8 194.8 1.887 -- -- 30.88 0.481






TESTED AND COMPUTED DATA FOR STUDYING THE EFFECT OF BEARING LENGTHS ON WEB CRIPPLING LOADS
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Note: 1. (p )conv = ultimate web crippling load converted from the tested load, (P) t' by
u test tes
eliminating the effect of bending moment
_ 1.07(P)test





COMPARISON OF THE TEST RESULTS AND INTEREACTION FORMULAS FOR COMBINED WEB CRIPPLING AND BENDING
SINGLE UNREINFORCED WEBS - INTERIOR ONE-FLANGE LOADING
TABLE 23
COMPARISON OF THE TESTED AND COMPUTED WEB CRIPPLING LOADS
SINGLE UNREINFORCED WEBS USING LONG BEARING LENGTHS
END ONE-FLANGE LOADING
(BEAMS HAVING STIFFENED FLANGES)
Specimen Test Data, per web Computed Data, per web V (Pu) test(Pu)test V (P ') VNo. u comp u V (P ')
kips kips kips kipR u u comp
SU-13-EOF-1 2.006 1.003 1.744 5.068 0.198 1.150
SU-13-EOF-2 2.062 1.031 1.682 4.968 0.207 1. 226
SU-4'-EOF-1 1.395 0.697 1.324 4.010 0.174 1.054
SU-4'-EOF-2 1.537 0.768 1.375 4.155 0.185 1.118
SU-2'-EOF-1 1.425 0.713 1.291 2.749 0.259 1.103
SU-2'-EOF-2 1.443 0.721 1.289 2.730 0.264 1.120
SU-3-EOF-1 1.200 0.600 1.247 2.106 0.285 0.962








COMPARISON OF THE TESTED AND COMPUTED WEB CRIPPLING LOADS
SINGLE UNREINFORCED WEBS USING LONG BEARING LENGTHS
END ONE-FLANGE LOADING
(BEAMS HAVING UNSTIFFENED FLANGES)
Test Data, per web Computed Data, per web V (P )
(p ) V (p') V u test
u test u comp u V (P')















































































DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS
I-SECTIONS HAVING UNREINFORCED WEBS AND USING LONG BEARING LENGTHS
INTERIOR ONE-FLANGE LOADING
(I-SECTIONS HAVING STIFFENED FLANGES)
Specimen Cross Section Dimensions (in.) Total
No. t B1 B2 B3 B4 d1 d2 D1 D2 BB h R Length(in. )
I-13-IOF-1 0.0500 1.792 1.807 1.832 1.793 0.610 0.614 4.007 4.020 3.600 3.914 0.0625 28
I-13-IOF-2 0.0510 1.789 1.770 1.803 1.788 0.590 0.624 4.007 4.023 3.560 3.913 0.0625 28
I-4'-IOF-l 0.0497 1.632 1.643 1.622 1.644 0.623 0.605 4.906 4.890 3.254 4.800 0.0625 36
1-4'-IOF-2 0.0497 1.620 1.629 1.631 1.639 0.602 0.636 4.889 4.898 3.249 4.794 0.0625 36
1-2'-IOF-l 0.0497 1.642 1.655 1.625 1.628 0.608 0.643 7.370 7.363 3.297 7.267 0.0938 44
1-2'-IOF-2 0.0497 1.648 1.657 1.625 1.622 0.612 0.660 7.347 7.350 3.305 7.249 0.0938 44
1-3-IOF-1 0.0487 1.625 1.636 1.633 1.633 0.652 0.609 9.806 9.828 3.261 9.718 0.0938 48
I-3-IOF-2 0.0487 1.662 1.630 1.629 1.647 0.625 0.619 9.788 9.826 3.292 9.709 0.0938 48
N
f-
For designation of symbols, see Fig. 47. \0
TABLE 25(b)
DIMENSIONS OF SPECIMENS FOR WEB CRIPPLING TESTS
I-SECTIONS HAVING UNREINFORCED WEBS AND USING LONG BEARING LENGTHS
END ONE-FLANGE LOADING
(I-SECTIONS HAVING STIFFENED FLANGES)
Specimen Cross Section Dimensions (in.) TotalLengthNo. t B1 B2 B3 B4 d1 d2 D1 D2 BB h R (in. )
I-13-EOF-1 0.0500 1. 786 1.785 1.804 1.819 0.609 0.595 4.025 4.027 3.571 3.926 0.0625 28
I-13-EOF-2 0.0500 1. 787 1.815 1. 763 1. 775 0.600 0.611 4.018 4.009 3.602 3.913 0.0625 28
I-4'-EOF-1 0.0487 1.614 1.620 1.628 1.628 0.594 0.640 4.898 4.876 3.234 4.789 0.0626 36
I-4'-EOF-2 0.0497 1.630 1.637 1.631 1.617 0.639 0.630 4.890 4.906 3.267 4.800 0.0625 36
I-2'-EOF-1 0.0497 1.647 1.649 1.621 1.624 0.611 0.663 7.352 7.350 3.296 7.251 0.0938 44
I-2'-EOF-2 0.0487 1.642 1.628 1.644 1.645 0.600 0.642 7.352 7.357 3.270 7.257 0.0938 44
1-3-EOF-1 0.0487 1.613 1.625 1.616 1.641 0.652 0.615 9.812 9.792 3.238 9.705 0.0938 48
1-3-EOF-2 0.0497 1.600 1.643 1.643 1.640 0.634 0.633 9.787 9.821 3.243 9.704 0.0938 48





PARAMETERS AND SECTIONAL PROPERTIES OF SPECIMENS FOR WEB CRIPPLING TESTS
I-SECTIONS HAVING UNREINFORCED WEBS AND USING LONG BEARING LENGTHS
INTERIOR ONE-FLANGE LOADING
Specimen Parameters and Sectional PropertiesF A S S' --~-SflNo. N Nit hIt Rlt wIt (w/t)l' y , w2 x3 x3 x3(in. ) J.m ksi J.n. in. J.n. in.
1-13-IOF-1 4 80.00 78.28 1.250 32.00 30.10 53.79 0.196 0.517 0.485 0.525
1-13-IOF-2 4 78.43 76.73 1.225 30.89 30.10 53.79 0.200 0.525 0.491 0.529
1-4'-IOF-1 4.15 83.50 96.58 1.257 28.95 36.35 36.88 0.238 0.647 0.640 0.647
1-4'-IOF-2 4.15 83.50 96.46 1.257 28.69 36.35 36.88 0.238 0.642 0.636 0.642
1-2'-IOF-1 5 100.6 146.2 1.887 29.17 36.35 36.88 0.361 1.150 1.165 1.150
I-2'-IOF-2 5 100.6 145.8 1.887 29.25 36.35 36.88 0.360 1.149 1.163 1.149
1-3-IOF-1 6 123.2 199.5 1.926 29.48 36.35 36.88 0.473 1.721 1.753 1.721
1-3-IOF-2 6 123.2 199.4 1.926 29.79 36.35 36.88 0.473 1. 718 1. 749 1.718
For definitions of S , S' and S", see Table 7(a).




PARAMETERS AND SECTIONAL PROPERTIES OF SPECIMENS FOR WEB CRIPPLING TESTS
I-SECTIONS HAVING UNREINFORCED WEBS AND USING LONG BEARING LENGTHS
END ONE-FLANGE LOADING
Specimen Parameters and Sectional PropertiesF A S S' . S"No. N Nit hit Rlt wit (w/t)l· y w2 . x3 . x3 x3(in .) 1m ksi in. 1n. 1n. in.
I-13-EOF-1 4 80.00 78.52 1.250 -- -- 53.79 0.196
I-13-EOF-2 4 80.00 78.26 1.250 -- -- 53.79 0.195
I-4'-EOF-1 4.15 85.21 98.34 1.283 -- -- 36.88 0.233
I-4'-EOF-2 4.15 83.50 96.58 1.257 -- -- 36.88 0.238
I-2'-EOF-1 5 100.6 145.9 1.887 -- -- 36.88 0.360
I-2'-EOF-2 5 102.7 149.0 1.926 -- -- 36.88 0.353
I-3-EOF-1 6 123.2 199.3 1.926 -- -- 36.88 0.473





TESTED :\l\1D COMPUTED DATA FOR S1TDYING THE EFFECT OF BEARING LENGTHS ON WEB CRIPPLING LOADS
I-))EA:15 HAVING l\lREINFORCED \~EBS USING LONG BEARING LENGTHS
--_.--- ----,._--~_._-
Test Data, per channel Cam~uted Data, per channe1(M) (1)Specimen (P) (M) - - (H ) test (P ) canv
No. test test u camp (M ) u test
k . . k . . k . u camp kips/weblpS . ___ lIl'- lpS In.- lpS
I-13-IOF-1 3.615 14.46 26.09 0.554 3.615
1-13-101"-2 3.750 15.00 26.41 0.567 3.750
1-4'-1OF-1 2.915 17.43 23.60 0.730 4.028
1-4'-IOF-2 3.060 18.30 23.45 0.780 4.671
1-2'-IOF-1 3.100 24.41 42.25 0.578 3.140
1-2'-1OF-2 3.000 23.62 42.28 0.558 3.000
1-3-1OF-l 3.370 29.48 52.11 0.565 3.370
1-3-1OF-2 3.200 28.00 52.04 0.538 3.200
Note: 1. (P )conv = ultimate web crippling load converted from the tested load (P) by
u test test
eliminating the effect of bending moment NN
W
O.6l(P)test
= 1.18 - (M)t t/(M) ~ (P)test
es u camp
TABLE 28
COMPARISON OF THE TEST RESULTS AND INTERACTION FORMULAS FOR COMBINED WEB CRIPPLING AND BENDING
I-SECTIONS USING LONG BEARING LENGTHS
INTERIOR ONE-FLANGE LOADING
Specimen Test Data, per channel Computed Data, per channel (M) (P)test e(l) D(2) Failure (3)(P)test (M)test V (P I) (M ) V tes t VNo. u camp u camp u M V (P~) camp 1.18 1.32 Modeskips in.-kips kips kips in.-kips kips (u)comp u
I-13-IOF-l 3.615 14.46 1.807 3.457 26.09 4.869 0.554 0.371 1.046 1.010 1.069 we
I-13-IOF-2 3.750 15.00 1.875 3.586 26.41 4.968 0.567 0.377 1.046 1.021 1.079 we
1-4'-IOF-l 2.915 17.43 1.457 3.389 23.60 4.003 0.730 0.364 0.860 1.063 1.114 we
1-4'-IOF-2 3.060 18.30 1.530 3.389 23.45 4.013 0.780 0.381 0.903 1.128 1.152 we
1-2'-IOF-l 3.100 24.41 1.550 3.544 42.25 2.733 0.578 0.567 0.875 0.942 0.981 WC
1-2'-IOF-2 3.000 23.62 1.500 3.544 42.28 2.740 0.558 0.547 0.847 0.911 0.949 we
1-3-IOF-l 3.370 29.48 1.685 3.575 52.11 2.024 0.565 0.832 0.943 0.966 1.014 we
1-3-IOF-2 3.200 28.00 1.600 3.575 52.04 2.025 0.538 0.790 0.895 0.919 1. 272 we
Mean 0.993 1.079
Standard Deviation 0.075 0.097
(P) (M)
Notes: 1. e = 0 61 test + test
• (P ') (H )
u comp u comp
N
(P) (H) N
D = 0 82 test + test
.,...
2.
• (P' ) (M )
u camp u camp
3. Failure modes are defined as follows:
we - web crippling
TABLE 29
COMPARISON OF THE TESTED AND COMPUTED WEB CRIPPLING LOADS
I-SECTIONS USING LONG BEARING LENGTHS
END ONE-FLANGE LOADING
Test Data~ per channel Computed Data~ per channel
(P) testSpecimen (P ) V (P I) V V
No. u test u camp u -kips kips kips ki_ps V (P~) campu
-_.
I-13-EOF-l 4.000 2.000 3.460 4.878 0.410 1.156
I-13-EOF-2 3.900 1.950 3.460 4.844 0.402 1.127
I-4'-EOF-1 2.900 1.450 2.373 3.663 0.396 1.220
I-4'-EOF-2 2.725 1.362 2.456 3.880 0.351 1.109
1-2'-EOF-l 2.400 1.200 2.624 2.657 0.451 0.914
1-2'-EOF-2 2.560 1.280 2.520 2.500 0.512 1.015
1-3-EOF-1 2.605 1.302 2.677 1.967 0.662 0.973
1-3-EOF-2 2.900 1.450 2.770 2.089 0.694 1.046
Mean 1.070 N
N
Standard Deviation 0.094 VI
hP
L
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(a) Values of K for Long Edges. Simply Supported
(Yamaki)
(b) Values of K for Long Edges Built-in
(Yamaki)
Figure 2. Variation of Buckling Coefficient K Versus the Aspect Ratio




















Figure 3. Typical Cross Sections used in the Investigation of Web Crippling (15).
rv 1.5 h I'V 1·5h
(a) Interior one flange loading
(c) Interior two flange loading
( b) End one flange loa ding
( d) End two flange loading NN
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Figure 7. Typical Cross Section used in the Investigation of Web Crippling
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Figure 12. Dimensions of Modified Beam Specimens Having Unstiffened
Flanges
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Figure 22. Plot of (P ) v.s. (P ) by Using the Original
u test u comp
Formulas Applied to both UMR and Cornell Data under
Interior One-Flange Loading (N = I to 3 in.)
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Figure 23. The Effect of hIt on (P ) I{P ) Based on the Original Formulas
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Figure 24. Plot of (P ) v.s. (P ) by Using the Original
u test u comp .
Formulas Applied to both UMR and Cornell Data under End
One-Flange Loading (Specimens with Stiffened Flanges)
oCase b I, End One- Flange Loading o
. -



















8. _8.~ ~ _~200/0- _8. ...8.-°_ ----0---
------- 80 ,
8..8. . I 250




















Figure 25. The Effect of hit on (P ) I(p ) Based on the Original Formulas
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Figure 26. Plot of (P ) V.s. (P ) by Using the Original
u test u comp
Formulas Applied to both UMR and Cornell Data under
End One-Flange Loading (Specimens With Unstiffened
Flanges)
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Figure 27. The Effect of hit on (P)t t/{P) Based on the Original Formulas
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Figure 29. The Effect of hIt on (P)t t/(P) Based on the Original Formulas
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Figure 30. Plot of (P)t t v.s. (P ) by Using the Original
u es u comp
Formulas Applied to the UMR Data under End Two-Flange
Loading
Case d) End Two- Flange Loading































Flgure 31. The Effect of hit on (P)t t/(P) Based on the Original Formulas
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Figure 32. Plot of (P)t t v.s. (p'). by Using the Modified
u es u comp
Formulas Applied to both UMR and Cornell Data under
Interior One-Flange Loading
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Figure 33. The Effect of hit on (P)t t/(P') Based on the Modified Formulas
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Figure 34. Plot of (P)t t v.s. (P') by Using the Modifiedu es u comp
Formulas Applied to both UMR and Cornell Data under
End One-Flange Loading (Specimens with Stiffened Flanges)
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Figure 35. The Effect of hIt on (P) I(p') Based on the Modified Formulas
u test u camp





Figure 36. Plot of (P)t t V.s. (P') by Using the Modified
u es u camp
Formulas Applied to both ~m and Cornell Data under
End One-Flange Loading (Specimens with Unstiffened
Flanges)
Case b2, End One- Flange Loading
Based on Eq. ( 34)
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Figure 37. The Effect of hit on CP)t t/CP') Based on the Modified Formulasu es u camp
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Figure 38. Plot of (P) t v.s. (P') by Using the MOdifiedutes u camp
Formulas Applied to both UMR and Cornell Data under
Interior Two-Flange Loading
Case c, Interior Two - Flange Loading
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Figure 39. The Effect of hit on (P}t t/{P') Based on the Modified Formulas
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Figure 40. Plot of (P)t t V.s. (PI) by Using the Modifiedu es u comp
Formulas Applied to both UMR and Cornell Data under
End Two-Flange Loading
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Figure 41. The Effect of hit on (P ) I(p') Based on the Modified Formulas
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Figure 46(b). Deformed Web of SU-4-ETF-6 under End Two-Flange Loading
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Figure 50. Dimensions of Modified Beam Specimens Having Unstiffened
Flanges























Figure 52. Test Setup for End One-Flange Loading
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Figure 57. Plot of (P) t V.s. (P ) by Using the Original Formulas Applied to
utes u comp
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Figure 58. The Effect of hIt on (P ) I(p ) Based on the Original Formulas
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Figure 59. Plot of (P)t t v.s. (P ) by Using the Original Formulas Applied tou es u comp
both UMR and Cornell Data under End One-Flange Loading N(Xl
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Figure 60. The Effect of hit on (P)t t/(P) Based on the Original Formulas
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Figure 61. Plot of (P)t t v.s. (P ) by Using the Original Formulas Applied to
u es u comp
both UMR and Cornell Data under Interior Two-Flange Loading N
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Figure 62. The Effect of hIt on (P)t t/{P) Based on the Original Formulas
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Figure 63. Plot of (P ) v.s. (P ) by Using the Original Formulas Applied tou test u comp
both UMR and Cornell Data under End Two-Flange Loading N\0
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The Effect of hit on (P ) I(P ) Based on the Original Formulas
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(b) For Interior Two-Flange and End Two-Flange Loading
Figure 66. Relationship Between the Correction Factors and Yield Point of Steel
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Figure 67. The Effect of NIt Ratios on the Tested Web Crippling Loads
under Interior One-Flange Loading
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Case b, End One- Flange Loading
Based on Eq. (51)
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Figure 68. The Effect of NIt Ratios on the Tested Web Crippling Loads
under End One-Flange Loading
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Figure 69. The Effect of NIt Ratios on the Tested Web Crippling Loads
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Figure 70. The Effect of NIt Ratios on the Tested Web Crippling Loads
under End Two-Flange Loading
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Figure 71. Plot of (P ) v.s. (P') by Using the Modified Formulas Applied to
u test u comp
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Figure 72. The Effect of hIt on (P ) /(P') Based on the Modified Formulas
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Figure 73. Plot of (P ) V.s. (P') by Using the Modified Formulas Applied to
u test u comp
both UMR and Cornell Data under End One-Flange Loading wo
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Figure 74. The Effect of hit on (P ) /(P') Based on the Modified Formulas
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Figure 75. Plot of (P ) V.s. (pI) by Using the Modified Formulas Applied to
u test u comp
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Figure 76. The Effect of hit on (P)t t/(P') Based on the Modified Formulas
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Figure 77. Plot of (P ) V.s. (p t ) by Using the Modified Formulas Applied to
u test u comp










Based on Eq. (53)
o UMR Data













--------a---------- ~ 20 % .6-~ -g- --------~ :k A ~~ A 08 -----------------------
-8'--""1--A
8 850 . 100 (:)


















Figure 78. The Effect of hit on (P) I(P') Based on the Modified Formulas
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Fig. 89. Correlation Between the Test Data on Single Unreinforced Webs and the Interaction formula for
Combined Web Crippling and Bending on the basis of the AISI Specification (Interior One-Flange
Loading)
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rig. 90 Correlation Between the Test Data on Single Unreinforced Webs and the Interaction formula for
Combined Web Crippling and Bending on the basis of the UMR Proposed Equations (Interior
One~Flange Loading)
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Figure 93. Effect of Shear on Web Crippling for Specimens Having Single,





















. I <: "
0 UMR Data




0.0 0.2 0.4 0.6 0.8 1.0














Figure 94 Composite Graphical Presentation for Web Crippling and Combined Web Crippling and Bending
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Figure 97. Interaction Between Web Crippling and Bending for I-Beam Specimens Having Unreinforced
Webs (when hit < 400/~ combined with wit> (w/t)l' , and 400/~ < hit < 200 combined
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Figure 98.
(P )test /(P~)eomp
Interaction Between Web Crippling and Bending for I-Beam Specimens Having Unreinforced
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Figure 103. Interaction Between Bending, (M) /(M ) , and Web Crippling, (P) /(P') ,for
test u comp test u comp










































Figure l03a. Interaction Between Bending, (M) /(M )AISI' and Web Crippling, (P) /(P) ,
test u test u AISI
for I-Beam Specimens Having Unreinforced Webs Based on the Current AISI Formulas to
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Figure l03b. Interaction Between Bending, (M)test/(Mu)AISI' and Web Crippling, (P)test/(Pu)AISI,
for I-Beam Specimens Having Unreinforced Webs Based on the Current AISI Formulas to
Determine M and P (Interior One-Flange Loading)
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Figure 104. Effect of Bearing Length on Web Crippling Load for Single Unreinforced Webs Subjected
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Figure 105. Correlation Between the Test Data and the Interaction Formulas for Combined Web Crippling
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Figure 106. Effect of Bearing Length on Web Crippling Load for Single Unreinforced Webs Subjected to
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Figure 107. Effect of Bearing Length on Web Crippling Load for Single Unreinforced Webs Subjected to
P~rl 0n~-~l~n~p LoadinQ (Based on Beams Having Unstiffened Flanges)
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Figure 108. Effect of Bearing Length on Web Crippling Load for I-Sections Subjected
to Interior One-Flange Loading















































Figure 109. Correlation Between the Test Data and the Interaction Formulas for Combined Web Crippling
Load and Bending Moment (I-Sections Having Unreinforced Webs) (Interior One-Flange Loading)
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Figure 110. Effect of Bearing Length on Web Crippling Load for I-Sections Subject~d to
End One-Flange Loading








The following symbols are used in this report;
Aw area of beam web;
a = spacing of transverse stiffeners;
(;1 = 1. 22 0.22k;
C2 = 1.06 0.06n;
C3 = 1. 33 0.33k;
C4 1.15 0.15n;
C5 = 1.49 0.53k;
C6 = 0.88 + 0.12m;
C7 = 1.34 0.083k;
C8 1.0;
Cg 11k for hit < 66.5; C9
hit for hit >= = (1.10 - 665)/k 66.5;
C10 = 0.82 + 0.15m;
C11 hit= (0.98 - 865)/k;
C12 = 0.64 + 0.31m;
C13 = 16317 - 22.52 (hit);
C14 = 1 + 0.0069 (Nit), when Nit 2. 60;
= o.748 + 0.0111 EN/t) , when Nit> 60;
C15 10018 - 18.24(h/t);
Cl6 1 + 0.0102 (Nit), when Nit < 60;
0.922 + 0.0115 (Nit), when Nit > 60;
C17 = 6570 - 8.51(h/t);
C18 = 1 + 0.0099 (Nit) , when Nit < 60;
= 0.706 + 0.0148 (Nit), when Nit ~ 60;
Cl9 = 15 + 3.25-/Nit, when Nit 2. 60;
= 23 + 2.21-VN/t·, when Nit > 60;
C20 = 10 + 1.25 -./Nit, when Nit 2. 60;
= 8.14 + 1.49 1/N/t, when Nit> 60;
345
346
D = flexural rigidity of the plate;
E = modulus of elasticity;
Fcr = critical bending stress in web;
Fy = yield point of steel;
Fc = allowable stress for uns tiffened compression elements;
f c maximum compressive bending stress in web;
f p = bearing stress;
f t = maximum tensile bending stress in web;
H = slenderness ratio of web;
h = clear distance between flanges measured along the plane of web;
K buckling coefficient;
K' = nondimensional parameter depending on the ratios of N/a and a/h;
k = Fy /33; distance from the outer face of the flange to the toe
of the web fillet of the rolled section;
L length of the plate;
M = tested bending moment, per channel; allowable bending moment





ultimate moment calculated according to Ref. 25;
computed maximum moment of each channel section governed
by the strength of flanges;
computed maximum moment of each channel section governed
by bending strength of the web;
Mu = computed maximum moment, per channel; ultimate moment in the
Mtheo
presence of partial edge loads;
Muo = ultimate moment in the absence of partial edge load;
m = actual bending moment; t/O.075;
347
N = length of bearing plate; ratio of length of bearing to web thickness;
n inside bend corner radius to thickness ratio;






allowable concentrated load or reaction;
predicted web crippling load; ultimate partial edge loading in the
presence of bending;










computed or predicted ultimate load;
reduced web crippling load, per web;
tested web crippling load, per web;
predicted ultimate load, based on the UMR equation, per web;
inside bend corner radius; applied load;
tested ultimate load;
Rtheo = ultimate load calculated according to Ref. 25;
Sx, S~, S" computed section modulus;x
(Sx)full area computed section modulus based on full area;
(Sx)M, (S~)M' (S~)M modified computed section modulus;
t = thickness of base material;
V tested shear force, per web;
Vu = computed maximum shear force;
w flat width of the compression flange;
Ctl = postbuckling factor for hit;
Ct2 = postbuckling factor for Ifc/ftl;
Ct3 = postbuckling factor for (w/t)/(w/t)lim;
Ct4 = postbuckling factor for Fy ;
B = lft/fcl;
l..l = Poisson's ratio;
<f> = postbuckling strength factor for bending;
<Pfa performance factor 0.75;
<Pfb = performance factor 0.67;






inelastic shear buckling stress;
elastic shear buckling stress;
proportional limit in shear; and




UMR FINAL REPORT 78-4
pp. 56 and J67 -- Add the following footnote for Constant C7 :
"* A slightly conservative value of (Pu')comp can be achieved by using C
[1 + (h/t)/750] for hit < 150 and C = 1.20 for hit> 150. If the above 7
equations are used for determining e7 • the mean value and coefficient of
variation of the (Pu)test I(Pu')comp ratios for the specimens listed are
1. 082 and 0.188 respec tive1y."
p. 115 The footnote for Table 3(a) should be revised to read as follows:
"See designation of symbols in Fig. 11"
The value of (Pu)comp for specimen No. 14 should be 2.080.
p. 138 Add the following note to Table 5(b):
"5. When the beam specimens having hit < 150 are used, the mean value and
standard deviation of the (Pu)test I(Pu)~omp ratios are 1.144 and 0.207,
respectively."
p. 142 In the title appearing on this page, Table 7(d) should be changed
to 7(c).
p. 158 Add the following footnote to Table 7(a):
"*Repeated tests."
p. 180 -- Add the following note to Table 11:
"* The values of A • S , S' , and S" given on page 179 are for two channels.
. w x ~ xThe correspondlng values glven on page 180 are for one channel."
pp. 181-183 -- In
for the following
Specimen No.
Table 12, the values of (Mu)AISI, (H)test I(Hu)AISI,
























































As a result. the mean value and standard deviation for Table 12 should be 1.106
and 0.081, respectively. Based on the above changes, nine data points should
be relocated in Fig. 89.
p. 340 -- Figure 106 is missing in the published report. See attached figure.
